Glyceride Structure of Natural Fats by Khan, R. A.
ABSTRACT 
Of 
A THESIS ENTITLED 
"GLYCERIDE STRUCTURE OF NATURAL FATS 
By 
R. A. KHAN 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY, ALIGARH. 
1972. 
ABSTRACT 
The glyceride structures of 16 animal depot fats were determined 
by revised azelaoglyceride techniques wherein the proportions of GSg, 
G^A uGSk2 and GAg were calculated from the proportion of pure saturated 
and dicarboxylic acids present in the different azelaoglyceride fractions 
obtained as described in the experimental section. This procedure 
automatically makes correction for the presence of all non-glyceridic 
materials whether isolated and identified or not. 
Eight specimens of fats had Sta above 70, and were derived from 
ruminants raised entirely on grass or other leaf diet and were obtained 
by lab-dry rendering of abdominal adipose tissue (Table VIII). All 
these fats showed good agreement with RD showing that when the fats are 
synthesised from non fatty foods the animals make use of an entirely 
non selective esterification mechanism to convert the fatty acids to 
triglycerides. A good approximation to RD was also observed in chicken 
fat of Sta 36, wild rabbit fat of 3h! 46 and also in shark liver oil 
with an 29, and hence it follows that perhaps all higher animals are 
capable of synthesizing RD fats when raised on low fat diets. 
As compared to the above, fats from many animals on unknown 
diets (goat, pig, pigeon, peacok) showed substantial deviations from RD. 
The deviations in all cases have the same pattern and consisted in 
equal decrease in GS^ and GSUg below RD values accompanied by an increase 
in G^U above RD values by an amount numerically equal to the total 
decrease in GS3 and GSUg taken together. 
An extraordinary feature of the present study is that though 
the Shi varied from 29 to 77 and the GU3RD varied from 2 to 36 the 
GU3 contents of all fats were in agreement with the values required by 
RD. 
In case of goat, two fats from animals on entirely leaf diet 
had Sbi above 70 and showed agreement with RD wAiereas the third of 
unknown dietary history had Ssm only 60 and showed considerable G % 
restriction and accompanying deviations from RD. It is obvious from 
this that the same fat cells in case of higher animals can produce fats 
of two distinct glyceride patterns* (i) Simple Random Distribution 
(ii) GSg restricted pattern, showing decrease in GS3 and GSU2 below RD 
values accompanied by increase inGS2U above RD values. The lowering 
of saturated acid contents of animal depot fats below the normal 
values characteristic of animals on lov/ fat diet can be due only to 
deposition of highly unsaturated fats ingested with the food and in 
case of animals in India will be due entirely to deposition of unsaturated 
vegetable fats. Since GS3 restriction is observed in the lower Sn fats 
from the same animal and not in the higher Sm fats, it follows that 
wtien significant amounts of vegetable fats are deposited in the fat 
cells of higher animals, an iilteration in the glyceride structure 
characterised by GS3 restriction and changes in the proportions of tte 
other glyceride types takes place. 
At present we do not know any thing about the mechanism by which 
this is effected. However, the changes in glyceride structure as compared 
to RD values are more or less the same as required by Restricted 
Random Distribution rule. 
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A B B B B V M I O N S USED 
G- Glyceryl radical 
S Saturated acid radical or saturated acids 
according to context 
U Unsaturated acid radical or unsaturated acids 
according to context 
Sm saturated acids by molecules per cent 
A Azelaic acid radical 
lAG- Magnesium salt insoluble azelaoglyceride 
SAG Magnesium salt soluble azelaoglyceride 
ED Random distribution 
RRD Restricted Random Distribution 
G-TDR Glyceride type distribution rule 
IVIBA Monobasic acid 
DBA Dibasic acid 
BIIAG Bicarbonate-insoluble,magnesium salt insoluble 
azelaoglyceride 
BSIA6 Bicarbonate soluble,- magnesium salt soluble 
azelaoglyceride• 
RD value Proportions required according to Random Distribution 
RRD value Proportions required according to Random Distribution 
(Restricted) 
aS3 Trisaturated glyceride 
GS2U Disaturated-monounsaturated glyceride 
GSU2 Mono saturated-diunsaturated glyceride 
GU3 Triunsaturated glyceride. 
GLYCBRIDE STRUCTURE OF SOME NATURAL FATS 
Historical and Introductory 
The results of Chevreul^ revealed that the natural fats 
were the glycerol esters of various fatty acids. For many years 
after this the tacit assumption seems to have been made that 
the esters were simple ones in which the individual molecules 
contained only one fatty acid. When the trihydroxylic nature 
2 
of glycerol was recognised, Berthelot suggested that the fats 
might contain mixed triglycerides; but little experimental 3 
proof was reported for a long time. In 1897, Heise isolated in 
quantity a mixed glyceride, oleo-distearin by fractional 
crystallisation of the seed fats of Allanblackia stuhlmannii and 
Garcinia indiea. Both these fats contain approximately 
60 per cent stearic and 40 per cent oleic acids. The concept 
that all natural fats are mixture of simple triglycerides thus 
became untenable. 
If the component glycerides of a fat are considered 
with respect to the two groups of fatty acids, saturated!S) and 
unsaturated(U), it is evident that the following types of 
triglycerides (G-glyceryl radical) may be present. 
I. Trisaturated, GS3 
II. Monounsaturated-disaturated, GS2U 
III.Monosaturated-diunsaturated GSU2 
IV. Triunsaturated, GU3 
Thus, a natural fat containing only stearic and oleic 
acids could have four different l^ypes of triglycerides, which 
Can be represented by the following formulae: 
Trisaturated Glyceride, GS3 
H2C-00C(CH2)i6 CH3 
H-C-rOOC(CH2)i 6 CH3 
H20-00C(CH2)i6 CH3 
(Tristearin) 
Monounsaturated-disaturated glyceride, GS2U 
H2C-00C(CH2)I6 CH3 H2C-00C(CH2)i6 CIH3 
H-C-OOC(CH2)i6 CH3 H-C-000(CH2)7CH=CH(CH2)7CH3 
H2C-00C(CH2)7CH=CH(CH2)7CH3 H2C-00C(CH2)I6 CH3 
(o<loleo-o^,p-distearin) (p-oleo-o<,'><-distearin) 
Monosaturated-diunsaturated glyceride, GSU2 
H2C-OOC(CH2)I6 CH3 H20-OOC(CH2)7CH=CH(CH2)7CH3 
H-C-00G(CH2)7CH=CH(CH2)7CH3 H-C-00C(CH2)I6 CH3 
H2G-00C(CH2)7CH=CH(OH2)7CH3 H2C-00C(CH2)7CH=CH(CH2 )7CH3 
(oc-stearo-^ip-diolein) (3-stearo-<^, o^,'-diolein) 
Triunsaturated glyceride, GU3 
H2C-OOC(CH2)7CH=0H(OH2)7CH3 
H-C-OOC(CH2)7CH=CH(CH2)7CH3 
H2G-OOC(CH2)7CH=CH(CH2)7CH3 
(Triolein) 
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Fig.I Rondom Distribution. 
Random Distribution of Fatty acid radicals; 
ttt 
When a mixture of saturated and \msatu33(ed acids is 
esterified with glycerol in the laboratory, the nature of the 
fatty acid which will combine with any particular hydroxyl group 
in the glycerol will be governed by the relative quantities of 
the different fatty acids in the mixture in accordance with the 
laws of chance. Uo selective influence is at work to place an 
acid radical in any special relation to o t h e r s . This type of 
distribution is known as random distribution (RD). The glyceride 
type compositions that would result according to this scheme, 
when the glycerides contain the saturated and unsaturated acids 
in various proportions are shown in P i g . I . 
Special role of imsaturated acids in C16-C18 acid vegetable fats; 
Since both A . stixhlmanii and G . indie a fats contain 
60 per cent stearic acid, esterification of the fatty acids 
according to RD rule should produce about 20-22 per cent 
tristearin, but no tristearin could be isolated from these fats 
by Heise? The highest melting and most sparingly soluble 
fraction isolated consisted of oleo~distearin. This showed that 
the esterification of fatty acids in nature may not always be 
taking place according to R D either. Since all the glyceride 
molecules in these fats contained at least one oleic acid 
radical it indicated some possible special role of the unsaturated 
acid in the formation of Cig-Cis acid vegetable fats. This also 
indicated the ability of fat depots to limit the formation of 
GS3 to proportions below those required by RD by the introduction 
of at least one unsaturated acid into eveiy triglyceride molecule. 
The above results inspired a considerable amount of 
subsequent investigations to elucidate the principles according 
to which fatty acids are esterified with glycerol in nature. 
For this, besides the classifical fractional crystallisation 
method used by Heise-^, various methods have been devised from 
time to time. These investigations may be separated into three 
periods: 
I . The earlier period upto about 1925. 
II. The middle period between 1925 and 1 9 5 0 . 
III. The later period from 1950 to date. 
I . Studies in the earlier period (upto 1925): 
The studies in the period were largely of qualitative 
kind and were made of following methods: 
a) Direct fractional crystallisation method: 
The technique consisted in fractionally crystallising 
the fat from solvents like acetone, ether, ether-alcohol etc., 
different workers using different solvents or solvent mixtures 
as well as different temperatures. No attempt was made to 
determine the accuracy with which the different glyceride types 
could be separated by this technique. As a rule only the 
crystalline fractions were subjected to more detailed study. 
In some cases, however, an approximate statement of the composi-
tion of the soluble fractions was made from the saturated and 
unsaturated acid contents of the total fractions. 
The fats investigated by different workers were: 
A- stuhlmanii and G . indica^. olive 011"^, cocoa butter^'^, 
b o m e o tallow"^, duck fat and goose fat®, rabbit fat^, mutton 
t a l l o w ^ b e e f t a l l o w ^ l a r d ^ ^ butter fat^^'^*^. 
b ) Fractional distillation-fractional crystallisation method: 
Triglycerides of many of the lower saturated fatty acids 
1 R 
can be distilled in high v a c u u m . Kraft isolated trilaurin 
from laurel kernel fat and trimyristin from nutmeg butter by 
this method. Caldwell and Hurtley^^ applied the technique to 
coconut oil, butter fat e t c . but could not detect the presence 
of any simple triglyceride in the distilled fractions. 
Preliminary fractional distillation followed by examination of 
the fractions by fractional crystallisation was also employed in 
PO 
a number of cases, e.g. laurel kernel and nutmeg butter'^^, 
coconut palm oil^^, babassu kernel fat^^. 
c) Hydrogenation and fractional crystallisation method; 
This consisted in completely hydrogensting a fat and then 
submitting the products to fractional crystallisation. The most 
sparingly soluble fraction were assumed to contain predominantly 
products derived from the highest chain length acids. The 
component acid composition of these fractions were determined 
and from this, deductions were ma-de about the occurrence of 
TABI^ 1(A) 
GLYCERIDB STRUCTURE OF Cig-Cis ACID VEGETABLE FATS BY 
FRACTIONAL CRYSTALLISATION 
S . N o . Fat 
R e f . 
N o . Sm GS3 GS2U GSU2 GU3 
1 . Almond oil Fd 98 6 0 0 17 83 
even 0 0 18 82 
2 . Safflower Fd 99 6 0 0 18 82 
seed oil even • 0 0 18 82 
3 . Niger seed oil Fd 100 9 0 0 26 74 
even 0 0 26 74 
4 . Olive oil I Fd 98 15 0 0 45 55 
even 0 0 45 55 
5 . Tobacco seed oil Fd 99 15 0 0 45 55 
even 0 0 45 55 
6 . Peanut oil Fd 98 19 0 1 56 43 
even 0 0 57 43 
7 . Olive oil II Fd 98 21 0 0 61 39 
even 0 0 63 37 
8 . Cotton seed oil I Fd 101 28 0 13 59 28 
even 0 0 84 16 
9 . Cotton seed oil II Fd 92 31 0 19 56 25 
even 0 0 93 7 
1 0 . Neera oil Fd 102 32 0 14 67 19 
even 0 0 96 4 
11 . Sapota oil Fd 103 34 0 8 87 5 
even 0 2 98 0 
12. Minusops Fd 104 42 1 34 55 10 
Hekellii fat even 0 25 75 0 
1 3 . Mowhra oil Fd 105 43 1 28 71 0 
even 0 29 71 0 
Contd.. 
1 4 . Palm oil Pd 101 45 4 41 43 12 
grsjid Bassa even 0 34 64 0 
1 5 . Lophira Alata fat Pd 106 46 1 37 62 0 
even 0 37 63 0 
1 6 . Shea butter Pd 115 46 4 36 55 5 
even 0 25 75 0 
1 7 . Hodffsonia Pd 107 50 2 60 25 13 
Capniocarpa fat even 0 50 50 0 
1 8 . Garcinia Pd 108 50 2 46 51 1 
More11a fat even 0 50 50 0 
1 9 . BelgiaiB Congo Pd 109 51 5 44 51 0 
palm oil' even 0 52 4 8 0 
2 0 . Man^ifera indica Pd 110 51 14 24 24 61 
fat even 0 52 48 0 
21 . Palm oil Cameroons Pd 101 55 8 54 32 6 
even 0 64 36 0 
2 2 . Shorea robusta fat Pd 111 55 2 63 34 1 
even 0 64 36 0 
2 3 . Allanblackia Pd 60 56 1 66 33 0 
stuhlmanii fat even 0 70 30 0 
2 4 . Allanblackia Pd 112 57 2 66 32 0 
parviflora fat even 0 70 30 0 
2 5 . Vateria indica f©t Pd 113 58 2 69 29 0 
even 0 74 26 0 
2 6 . Garcinia indica Pd 108 59 1 76 21 2 
fat even 0 7 6 24 0 
2 7 . Cocoa butter Pd 114 61 2 77 21 0 
even 0 82 18 0 
2 8 . Allanblackia Pd 112 62 2 81 17 0 
floribunda fat even 0 84 16 0 
2 9 . Phulwara butter Pd 42 62 8 69 23 0 
even 0 84 16 0 
3 0 . Borneo tallow Pd 42 63 5 79 16 0 
even 0 88 12 0 
8 
TABLE 1(B) 
GLYCERIDE STRUCTURE OP ANIMAL DEPOT FATS BY 
FRACTIONAL CRYSTALLISATION 
S . N o . Pat 
R e f . 
N o . Sm GS5 GS2U GSU2 6U3 
1 . Gray seal oil Fd 116 17 0 0 51 49 
. even 0 0 51 49 
2 . Neats Foot oil Pd 117 22 0 7 51 42 
even 0 0 66 34 
3 . Herring oil Fd 47 23 0 4 61 35 
even 0 0 69 31. 
4 . . Whale oil Fd 37 31 0 9 75 16 
even 0 0 93 7 
5 . C^lon bear fat Fd 22 34 2 7 82 9 
even 0 2 98 0 
6 . Lard Pd 118 37 2 26 54 18 
even 0 12 88 0 
7 . Pig external Pd 119 46 5 32 60 3 
even 0 37 63 0 
8 . Kangaroo fat Fd 92 51 1 51 48 0 
even 0 52 48 0 
9 . Ewe external Fd 120 51 5 42 53 0 
even 0 52 48 0 
1 0 . Pig perinephric Fd 119 52 9 43 45 3 
even 0 55 45 0 
11 . Ewe perinephric Fd 120 58 14 48 38 0 
even 0 74 26 0 
Contd • • • 
9 
1 2 . Beef tallow Pd 118 58 15 46 37 2 
even 0 74 26 0 
1 5 . Heifer English Pd 121 61 17 49 34 0 
even 0 82 18 0 
1 4 . Ox depot (Calicut) Pd 122 69 28 52 20 0 
even 8 92 0 0 
1 5 . Ox depot (Bombay) Pd 122 75 36 52 12 0 
even 25 75 0 0 
16. Sacred Baboon fat Pd 58 29 0 6 74 20 
even 0 0 87 13 
10 
particular glycerides in the original fats. The possible absence 
of trierucin in rape oil^^ and trichaulmoogrin in Ghaulmoogra 
25 
oil were thus indicated. 
d) Bromination and fractional crystallisation method; 
The glyceride structure of some of the more unsaturated 
oils were studied by the technique of complete bromination 
followed by fractional ciystallisation of the brominated products. 
The solubility of the brominated products decreases as the number 
of bromine atoms which have entered the molecule increases and 
the most sparingly soluble fractions correspond to the most 
highly unsaturated glyceride fractions present in the original 
26 P7 28 
oils. Linseed oil , soybean oil*^', whale oil , cod liver oil 
and herring oil^^, e t c . were thus investigated. Mhaskar et al.^^ 
have demonstrated by working with mixtures of bromo-adducts 
obtained from pure synthetic triglycerides that quantitative 
separation of any particular constituent is not possible by this 
m e t h o d . The results obtained are hence significant only as 
limiting values. 
Ma.jor results of the studies in the earlier period: 
The above studies indicated thefollowing specific 
tendencies in the formation of various groups of natural fats: 
i) The vegetable fats of palmitic-stearic-oleic-linoleic 
type fatty acids composition did not show the presence of any 
GrS^^. The proportions of GU3 indicated in these tended to be 
11 
near the minimujii possible e.g. cocoa b u t t e r ^ * b o r n e o tallow'^. 
ii) The vegetable fats containing large proportions of C'l4,0-12 
and lower saturated acids showed the presence of various amounts 
of G S 3 . The presence of simple fully saturated glycerides could, 
1 fl 
however, be demonstrated only in laurel kernel and lyjyristica 
20 
fragrans seed fats wherein the saturated acids present consisted 
of one predominant member (lauric and myristic acids in the two 
instances) along with very small proportions of others. Simple 
triglycerides indicated were near about the minimum possible for 
the particular component acid composition. In the case of fats 
of this group, containing a mixture of different saturated acids 
19 21 22 
as in coconut oil ' , palm kernel and babassu kernel fats, 
no simple trisaturated glyceride could be detected. The results 
also failed to reveal the presence of any detectable amount of 
GSU2 and GU^ in this class of fats. The overall picture, which 
thus appeared, was that vegetable fats were probably constituted 
according to maximum heterogeneity. 
iii) The animal depot fats of the palmitic-stearic-oleic-
linoleic type fatty acid composition with about 25-55 per cent 
saturated acid content invariably showed the presence of varying 
ft—i v 
proportions of GS3 which increased with the actual saturated 
acid contents. In this respect they differed completely from 
the vegetable fats of similar qualitative and/or quantitative 
component acid composition. However, even in these cases, the 
nonfully saturated fraction appeared to be constituted according 
12 
to maximum heterogeneity since GII5 v/hen detected appeared to be 
present only in the minimum possible proportions. 
The above results indicated that: 
(a) Esterification of fatty acids in the natural fat depots 
rarely, if ever, takes place according to R D . 
(b) The same component fatty acid mixture may be converted 
into fats apparently according to different principles in 
different fat depots, as in the case of vegetable and animal fats 
of palmitic-stearic-oleic-linoleic type fatty acid composition. 
(c) Vegetable fats, as also the marine animal fats, appeared 
most probably to be constituted according to the maximum 
heterogeneity, and 
(d) Except for the presence of varying proportions of as^, 
the animal depot fats also appeared to be constituted according 
to maximum heterogeneity. 
Principle of maximum heterogeneity: 
Another possible principle according to which fatty acids 
may be built up into triglycerides is the one in which each 
individual triglyceride molecule will have as many different 
kinds of fatty acids aS possible. In other words, no triglyceride 
molecule would have more than one radical of a given kind of 
fatty acid unless enough of this fatty acid were present in the 
total mixture to provide one acid radical for each of the 
triglyceride molecules. For example, according to this principle, 
a fat containing 33.3 per cent xmsaturated acids and 66.6 per cent 
100 
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saturated acids will consist of 100 per cent GS2U, whereas all 
the four glyceride types are possible according to RD(Fi^.I. 
GS3-29, GS2U-45, GSU2-22 and GU3-4 per cent respectively). The 
effect of this kind of distribution upon gl^J^ceride type composi-
tions when the glycerides are derived from the two kinds of fatty 
acids saturated and unsaturated, is shown in Pig.II. 
It may be noted that while enzyme system capable of non-
selective esterification of fatty acids mixtures to triglycerides 
31 
are now known to be present in ripening seeds , there is no 
evidence as yet for the existence in nature of any enzjrme system 
capable of producing a mixture of triglyceride agreeing with the 
maximum heterogeneity principle from a given mixture of fatty acids, 
II- Studies in the middle period (1925 to 1950); 
The studies in this period were made by the following 
methods: 
a) Determination of G S ^ content in natural fats by 
Acetone permanganate oxidation 32; 
When a fat is oxidized in acetone solution with powdered 
potassium permanganate, all glycerides containing one or more 
unsaturated acyl radical are ultimately converted into corres-
ponding azelaoglycerides, while the fully saturated glycerides 
remain unattacked. By removal of the acidic azelaoglycerides by 
washing in ether solution with aqueous potassium carbonate, 
quantitative recovery of unchanged fully saturated glyceride 
was claimed by Hilditch and Lea^^. This method was subsequently 
14 
shown to be liable to some positive eri-or due to partial 
hydrolysis of mono and diazelaoglycerides during the process 33-35 
to produce neutral compounds which separate with G S 3 . 
H2G-00C(CH2)I6 CH5 H2C-00C(CH2)l6 OH3 
H-C-00C(CH2)7CH=CH(CH2)7CH3 Oxidation ^ H-C-00C(CH2)7C00H 
H2(!-00C(CH2)I6 CH3 
(Disteario mono-azelein) 
H2C-00C(CH2)16 CH3 
H-i-OH 
H2C-00C(CH2)I6 CH3 
(Mono oleo-distearin) 
Partial hydrolysis 
H2C-00C(CH2)i6 CH3 
(Distearin) 
H2C-00C(GH2)i6 CH3 H2C-00G(GH2)I6 CH3 
H-C-00C(GH2)7CH=CH(GH2)7CH3 Oxidation ^ H-G-00C(GH2)7C00H 
H2G-OOC(GH2)7CH=GH(CH2)7GH3 ^ H2C-OOC(CH2)7COOH 
(Mono stearo-diolein) (Mono stearo-diazelein) 
H2C-00G(GH2)i6 CH3 
H-C-OH Partial hydrolysis 
H2C-OH 
(Monostearin) 
(b) Tristearin estimation method of determination 
of GU3 in liquid fats: 
In fats consisting mainly of C18 acids, the triunsaturated 
glycerides, if any is present, would consist almost entirely of 
tri-Ci8 glycerides since acids other than O^q which may be present 
15 
in small quantities will usually be of a saturated type and 
an attempt was made to determine the G U ^ by estimation as 
tristearin after complete hydrogenation. 
(i) This estimation was done tiy fractional crystallisation 
of the completely hydrogenated fat followed by analysis of 
different fractions for steric acid contents. This method is 
valid only for unsaturated fats containing Ci8 as the highest 
chain length acid and containing no G S 3 . The proportions of 
tristearin in the hydrogenated product were determined on the 
basis of the saponification equivalents of the most sparingly 
soluble fractions on the assumption that they consisted entirely 
of tri 0^8 a^ i'i "^^no 0^6 glycerides^^. The validity of 
this method has however, been disproved by the results of the 
later low-temperature fractional ciystallisation studies of the 
37 38 
same fats by same authors ' . 
(ii) Proftressive hydrogenation method for determination 
of triunsaturated Vjycerides 3^-42 
Another method was by a study of the glyceride composition 
of the fats after hydrogenation to varying extent. The basis of 
the computations of the glyceride types according to this method 
has been shown to be erroneous by the later studies of the same 
fats by low temperature crystallisation by the same authors^'^'^®. 
16 
Loi^ temperature crystallisation method for determining 
of the coEiponenT~^lyceride'3 in natural fats; 
More detailed examination of the component glycerides 
in solid seed or animal fats was made by separating the latter 
into fractions of varying solubility in acetone at -20°C, each 
fraction being examined separately for its fatty acid composition, 
its fully saturated glyceride content, etc. Similar examination 
of liquid vegetable or animal fats was made by systematic 
crystallisation from acetone or ether at suitable temperature 
down to -70°C, each fraction being then examined separately 
for its fatty acid composition, etc. Results obtained by this 
method are in Table II. 
Principal contribution in the middle period: 
In the earlier period emphasis was laid mainly on the 
study of the GS3 content. As contrasted to this, attention was 
paid in the middle period to the relative proportions of all the 
four glyceride types. Among these the types other than GS3 have 
much lower melting points and much greater solubilities than GS3 
compounds. Therefore, the improvements in techniques consisted 
largely in the utilisation of very low temperatures, sometimes as 
low as -70°C in the case of more unsaturated o i l . In the case 
of solid seed fats such low temperature were not, as a ruler 
m a d e use of especially since the major proportion were precipitated 
at temperature above about -10 to -20°C. The composition of the 
glycerides was calculated on the assumption that each fraction 
17 
TABLE II 
GLYCBRIDE STRUCTUHE OF ANIMAL DEPOT PATS 
m FRACTIONAL CRYSTALLISATION 
S.No Pat 
R e f . 
N o . Sm GS3 GS2U GSU2 6U3 
1 . Sealion fat Pd 127 13 0 0 39 61 
RD 2 3 . 29 66 
2 . Grey seal Pd 116 19 0 6 45 49 
RD 1 9 37 53 
3 . Neats foot oil Pd 117 22 0 7 51 42 
RD 1 11 41 47 
4 . Icelandic Pd 47 23 0 4 61 35 
herring oil R D 1 12 4-1' 46 
5 . Sacred baboon fat Pd 38 29 0 6 74 20 
RD 2 18 44 36 
6 . Shark I Pd 90 30 0 17 58 25 
RD 3 19 44 34 
7 . Chicken Pd 62 30 2 18 49 31 
RD 3 19 44 34 
8 . Whale oil Pd 37 30 2 17 50 31 
RD 3 19 44 34 
9. Whale oil Pd 37 31 0 9 75 16 
RD 3 20 44 33 
1 0 . Turkey depot fat Pd 91 32 0 11 74 15 
RD 3 21 44 32 
11 . Ceylon bear fat Pd 92 34 2 7 82 9 
RD 4 2-3 44 29 
12. Lard Pd . 125 34 2 28 40 30 
RD 4 23 44 29 
13. Badger fat Pd 89 35 3 23 51 23 
R D 4 24 45 27 
Contd. # 
18 
14 . Shark II 
15. Horse mensentyric 
16. Lard 
17. Lard 
18. Pig fat 
1 9 . P i g , back 
2 0 . Crocodile fat 
21 . E w e , external 
2 2 . Kangaroo fat 
2 3 . Pig, perinephric 
2 4 . Tiger fat 
2 5 . Mutton tallow 
2 6 . Beef tallow 
2 7 . Ewe perinephric 
2 8 . Goat depot fat 
m 90 36 0 11 83 6 
RD 5 25 44 26 
Fd 125 36 3 22 56 19 
RD 5 25 44 26 
m 118 37 2 26 54 18 
R D 5 26 45 24 
M 62 39 3 27 55 15 
RD 6 28 43 23 
Fd 63 41 2 30 57 11 
RD 7 30 42 21 
m 119 46 5 32 60 3 
RD 10 34 40 16 
m 126 48 7 28 65 0 
RD 11 36 39 14 
Pd 120 51 5 42 53 0 
RD 13 38 37 12 
Pd 92 51 1 51 48 0 
RD 13 38 37 12 
Pd 119 52 9 43 45 3 
R D 14 39 36 11 
Pd 124 52 6 43 52 0 
RD 14 39 36 11 
Pd 125 56 15 42 3 8 5 
RD 18 41 32 9 
Pd 125 58 15 46 37 2 
RD 20 42 31 7 
Pd 120 58 14 48 38 0 
RD 20 42 31 7 
« 
Pd 93 58 26 38 21 3 
RD 20 42 31 7 
Contd. 
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2 9 . Beef tallow Pd 125 59 18 41 41 0 
RD 21 43 29 7 
3 0 . Heifer(English) m 121 61 17 49 34 0 
RD 23 44 27 6 
31 . Sheep(Indian) Pd 117 61 28 28 41 3 
RD 23 44 27 6 
3 2 . Elephant fat Pd 43 61 17 51 30 2 
RD 23 44 27 6 
3 3 . Cow(Calicut) Pd 122 68 28 52 20 0 
RD 31 44 22 3 
3 4 . Cow (Bombay) Pd. 122 75 36 52 12 0 
RD 42 42 14 2 
3 5 . Pig fat I* Pd 69 35 0 26 52 22 
RD 4 24 45 27 
3 6 . Pig fat II* Pd 69 43 4 36 46 14 
RD 10 31 40 19 
* Thin-layer chromatography of fat. 
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obtained during the crystallisation consisted only of tvro adjacent 
glyceride types. But this assumption was not proved to hold good 
in practice, except with mixtures of GS3 and GS2U separated at 
temperature above The results obtained during this 
period are given in Table I(A&B) . In these tables results are 
compared against the values required according to m a x i m m 
heterogeneity. The results obtained are frequently only limiting 
values depending on the component acid composition, being minimum 
values for GU3 and GS2U and maximum values for GSU2- But even 
as it is, they did make a substantial contribution to our 
knowledge of the glyceride structure of natural fats in that they 
showed conclusively that maximum heterogeneity was by no means 
the principle according to which fatty acids were esterified to 
glycerides even in the vegetable fats containing negligible 
quantities of G S 3 . 
Thus, according to maximum heterogeneity, fats containing 
less than 33.3 per cent saturated acids cannot contain any G S 2 U . 
But a large number of vegetable oils with 22-23 p e r cent saturated 
acid content showed the presence of appreciable amounts of GS2U 
(cf. Table lA&B). Similarly maximum heterogeneity requires that 
vegetable fats, containing only traces of GS3, should not 
contain and GU3 when saturated acid content is above than 
33.3 p e r cent but a ni«nber of such fats showed the presence of 
appreciable amounts of GU5 (cf. Table lA&B). In the case of 
animal tallows the non-fully saturated fractions, which were-
previously supposed to be built on maximum heterogeneity 
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principle, were found to contain much more GU^ and GS2U than those 
theoritically possible according to this (cf. Table IB). 
General position refiardin(fi glyceride structure 
of natural fats upto about 1950; 
$he general picture provided by the results upto' 1950 
was as follows: 
(i) The minimum saturated acid content at which any natural fat 
showed the presence of detectable amount of GS2U was 82 per cent. 
(ii) With saturated acid contents between 22 and 55 per cent 
(mole), different natural fats (vegetable and animal) showed 
Varying proportions of all the four glyceride types for the same 
Saturated acid content. 
(iii) The proportions of the non-fully saturated glyceride types 
present in vegetable fats of the above group, containing only 
traces of GS3 but having the same saturated acid content by 
molecules, were widely variable. 
(iv) The relative proportions of GS3 in animal depot fats were 
determined more or less accurately for the first time by oxidation 
and crystallisation methods. The results showed that GS5 was 
present in proportion near about that required by R D in many of 
these fats. 
(v) Depot fats from different animals of the same saturated 
acid and GS3 content also showed different proportions of the 
other three glyceride types. 
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(vi) Widely different proportions of GS2U, GSU2 and GU3 were 
recorded also in the case of animal and fruit coat fats showing 
the same saturated acid ajad GS5 contents. 
(vii) In the case of natural fats containing large proportions 
of C'14 and lower saturated acids, the proportions of the non-
fully saturated gJycerides could not be determined with appreciable 
accuracy. The saturated and unsaturated acids in this fraction 
were merely assumed to be entirely in the form of 6S2U i.e. to 
say built up according to maximum heterogeneity. 
Even distribution or V/idest distribution rule; 
Prom the above very extensive and highly useful studies, 
Hilditch and co-workers deduced the rule of 'even' distribution 
of fatty acids among the glyceride molecule of vegetable fats. 
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The 'even' distribution rule has been stated as follows ' : 
(a) When a given fatty acid A forms about 35 per cent (moles) 
or more of the total fatty acids (A+X) in a fat, it will occur 
at least once G(AX2) in practically all the triglyceride molecules 
of the fat in question. 
(b) If it forms from about 35 to about 65 p e r cent (mole) 
of the total fatty acids (A+X), it w i l l occur twice G(A2X) in 
any given triglyceride molecule in some instances, and of course, 
more frequently the higher the proportions of this acid in the 
total acids. 
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(c) If it forms 70 per cent or more of the total fatty acids, 
the remaining fatty acids, (X) can at most only form mixed 
glycerides G(A2X), and the excess of A then, and broadly speaking 
then only appears as a simple triglyceride GCA^). 
(d) A minor component acid which forms much less than about 
a third of the total fatty acids (e.g. 15 per cent or less), 
will not occur more, than once in any triglyceride molecule 
iand of course, not at all in many of the triglyceride molecules). 
Observed deviations from 'even' distribution and alternative 
views on glyceride structure of particular fatjs: 
The GS5 contents of the animal depot fats and mammalian 
milk fats cannot be explained by the above rule. However, 
Hilditch^^ is of the opinion that the rule holds in the initial 
synthesis of animal fats just as in case of vegetable fats and 
that in the former some of the triglycerides are modified by a 
secondary reaction. It has been suggested that some marine fats 
such as whale oil^"^ and herring oil^"^ conform to the rule. 
According to Lovern'^® porpoise body fat does not conform to the 
rule and Green and Hilditch^^ state that green turtle depot fat 
also does not obey it. 
Longenecker^^ and Norris and Mattil^^ favour the hypothesis 
that in animal fats the fatty acids are distributed in an 
approximately random manner but have not produced any evidence 
for their suggestion other than the proportions of GS3 in animal 
depot fats as determined by Hilditch and Collaborators. 
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Inadequecies of the 'even' distribution rule: 
The above suggestions are independent and probably 
unrelated to the mechanism by which fatty acids are converted to 
glycerides in the fat depots. It is generally agreed that all 
vegetable fats are completely aynthesised 'in situ'. In the 
case of animals, tracer studies have demonstrated that depot 
fats are capable of being synthesized entirely in the adipose 
tissue from 2-C fragment, though under ordinary conditions some 
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of food fats also may find their v^ay into this . Tracer studies 
have also demonstrated that milk fats are capable of being 
synthesised at least partly in the mammary glands from 2-C 
f r a g m e n t s ^ ^ » I t is possible that under ordinary conditions 
some of the food fats as -well as depot fats, also may find their 
way into milk fats. Further active lipases are also present in 
the adipose tissues^^ and lactating mammary glands'^^'^S 
their presence is not readily explicable except on the basis of 
biosynthesis actually taking place in the cell concerned. 
Naturally, in the absence any projected mechanism by 
which the observed proportions of glycerides are produced in 
natural fats, no real start could be made in the calculation of 
glyceride structures from the component acids. However, some 
empirical attempts at reproductions of observed structure of 
a few vegetable fats of the palmitic-stearic-oleic-linoleic types 
by arithmatical partitioning method'^'^ were m a d e . 
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Enough data were recorded in the earlier and middle 
periods to show that animal depot fats are built up on a 
principle substantially different from those on which G^g-C-js 
acid vegetable fats are built up, because the former contain 
large proportions of trisaturated glycerides whereas the latter 
did not contain any of these for the same saturated acid contents. 
The quantitative determination of GS3 by Hilditch and Collaborators 
in animal depot fats showed that the proportions of GS^ present 
are near about those required by R D . If the fatty acids are 
esterified non-selectively, the proportions of GS3 produced w i l l 
be equal to the values required by R D . No other esterification 
mechanism has so far been recorded which can give rise to GS^ 
proportion approximating RD values. Hov^ever, the proportions of 
the other three glyceride types found in the fats studied till 
this period are quite different from those required by RD, and 
hence the mode of production of these fats has still remained 
unknown. However, since enough data has been recorded to show 
that the mode of production of animal depot fats must be 
substantially different from those of C16-CI8 acid vegetable fats, 
f\irther literature is reviewed only in case of animal depot fats 
and comparison of experimental figures is done, against R D values 
because of the reason already stated that GS3 production in 
quantities near about RD cannot be readily accomplished by any 
other esterification mechanism at present k n o w n . 
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III. Studies in the later period (1950 to date) 
Further results by low temperature crystallisation techniques: 
Later work showed the advantage of commencing crystallisa-
tion at the lowest temperature (-70°0) and working at successively 
higher temperatures and also of segregating the oil into large 
numbers of fractions. 
The results of many further low temperature crystallisation 
analysis have been reported. These results are sxxmmed up in 
Table II. 
This technique however, cannot be fully standardised due 
to wide variations in the component acid composition of fats 
from different biological sources and hence is subject to some 
tincertainty. 
Glyceride structure by thin-layer chromatography of fats: 
Another physical method utilised for the determination of 
glyceride types during this period is TLC of the fat as such on 
silica impregnated with silver nitrate. 
Barrett et determined the glyceride structure of 
two different specimens of pig fat by this m e t h o d . Results are 
in Table Il(S.Nos. and 
Azelaoglycerides analysis technique; 
During this period an alternative method of analysis 
depending on oxidation of the fats and analysis of the oxidation • 
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products was developed and standardised and has given some new 
information on the glyceride structure of natural fats. This 
approach has taken slightly different variations in different 
laboratories and the main features are as follows: 
Many unsuccessful attempta^^* were made previously to 
make use of the azelaoglyceride produced by acetone p e m a n g a n a t e 
oxidation method in estimating the proportions of GS2U, GSU2 and 
GrlJ^  present in the original fat. 
Acetic acid acetone permanganate oxidation method^^; 
It has since been found that during acetone permanganate 
oxidation of fat^ , hydrolysis of azelaoglyceride occur owing 
to development of alkalinity. Pi^obably the failures earlier 
recorded^^'^^ were due to the fact that acetone permanganate 
oxidation^^ ultimately gave rise to a mixture of azelaoglycerides 
along with partial hydrolysis products. It was found that the 
above hydrolysis can be prevented by keeping the mixture acidic 
by periodic addition of acetic acid^^ and that by this procedure, 
the pvire azelaoglycerides can be obtained as such without any 
hydrolysis at all. This was the major technical basis of the 
alternative approach since made. 
It was also found that when fats are oxidized by acetic 
acid acetone permanganate technique^^ and the products of 
oxidation separated by magnesium salt precipitation under specified 
conditions (at 30°C, using 100 m l of water/gm of fat oxidised and 
keeping the solution alkaline to phenolphthalein by means of 
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potassium carbonate solution) these will be separated into 
two fractions: 
(a) The insoluble fraction of azelaoglyceride(lAG) isolated 
from the insoluble magnesium salts comprising of GS3 
\inoxidised fat and all the GS2A and some GSA2 • 
(b) The soluble fraction of azelaoglyceride(SAG) isolated 
from the soluble magnesium salts containing all the GA3, 
some GSA2 and all lower acidic products giving water 
soluble magnesium salts. 
This separation was possible due to the fact that magnesium 
salts of GS2A vfere insoluble in water while those of GA3 were 
readily soluble and those from GSA2 had a solubility intermediate 
between the two others. The GS3 content in the earlier 
azelaoglyceride studies was determined by a modified crystallisa-
tion procedure^^*^^ and the insoluble azelaoglycerides are 
corrected for the proportions of the former present when 
calculating the amounts of GS2A and GSA2 present. 
The proportions of GS2A and GSA2 are calculated from their 
total combined weights, the weight of saturated acids and the 
mean molecular weight of the latter(S). The proportions of the 
parent compounds, GS2U and GSU2, can be calculated from the known 
weights of GS2A and GSA2 taking U as oleic acid, unless the mean 
molecular weight of U is known to be different. 
Kartha^''*^^ studied eight animal fats by this technique. 
The results are mentioned in Table I I I . 
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TABLE III 
GLYGERIDE STRUCTURE OP A N I M L DEPOT PATS BY AZELAOGLYCERIDE 
ANALYSIS BY MAGWESIim SALT TECHtvTIQUE 
S.No Pat 
R e ^ . 
N o . Sm GS3 GS2U 6SU2 GU-
1 . Shark liver oil Pd 53 24 0 14 43 43 
R D 1 14 ' 42 43 
2 . Shark liver oil Pd 94 26 0 21 37 42 
RD 2 15 43 40 
Chicken Pd 62 29 2 19 44 35 
RD 2 19 44 35 
4 . Duck fat Pd 33 31 2 19 48 31 
RD 3 20 44 33 
5 . Lard Pd 62 39 3 25 59 14 
RD 6 28 43 23 
6 . Pig depot fat p;d 63 41 2 31 57 11 
RD 7 30 42 21 
7 . Pig I Pd 94 44 4 39 41 16 
RD 9 32 41 18 
8 . Pig II Pd 94 48 7 45 33 15 
RD 11 36 39 14 
9. Ox depot(Australian) Pd 33 61 16 55 26 3 
RD 22 44 28 6 
1 0 . Ox depot(Indian) Pd 33 63 17 58 22 3 
RD 25 44 26 5 
11 . Goat(Indian) Pd 33 69 22 63 14 1 
RD 33 44 20 3 
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Luddy ^ a l . used this technique for studying glyceride 
structures of lard and chicken fats. Results are in Table III. 
Reiser and Reddy^^ studied the glycerides of a pig depot 
fat by the same technique (Table III). 
Analysis of total oxidation products by partition chromatog;raphy; 
Separation of azelaoglycerides obtained by von-Rudloff 
oxidation into the four groups GS3, GS2A, GSA2 and GA5 has also 
been effected by- (a) direct liquid partition chromatography^'''' 
over a polethylene column and (b) after conversion of the 
carboxyl groups into methyl esters (e.g. with diazomethane) by 
thin-layer chromatography^^ or by (c) gas-liquid chromatography^^' 
(a^ Youngs^^ separated the azelaoglycerides obtained into 
the groups GS5+G-S2A and GSA2+&A3 on a silica column with a 
mixture of 90 p e r cent ethanol and 10 per cent water. Using gas' 
liquid chromatography, the total fatty acid composition and the 
fatty acid composition at the 2-position were determined. He 
determined the glyceride structxores of lard, chicken and rat fats 
by this technique (Results in Table IV). He has also included 
the procedure for determination of the proportion of symmetrical 
and unsymmetrical glycerides GS2U and GSU2 by pancreatic lipase 
hydrolysis of esterified azelaoglycerides. 
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TABLE IV 
GLYCBRIDB STRUCTURE OP ANIMAL DEPOT PATS BY 
CHROMATOGRAPHI OP AZELAOGLYOERIDES 
S . N o . Pat 
R e f . 
N o . Sm GS3 GS2U GSU2 G-U3 
A . Adsorption chromatography of azelao^Iyceride 
1 . Lard Pd 64 44 8 28 51 12 
RD 9 31 42 18 
2 . Chicken Pd 64 32 3 19 50 28 
RD 3 21 45 31 
R a t Pd 64 20 2 7 39 52 
RD 1 10 39 50 
B . Thin layer chromatography of allyl esters 
4 . Interesterified Pd 66 44 11 27 45 17 
lard RD 9 31 42 18 
5 . Beef tallow Pd 66 56 14 51 25 10 
RD 18 41 32 9 
6 . Cotton seed oil Pd 66 28 0 16 54 30 
RD 
7 . 50fo cotton seed Pd 66 48 11 37 38 14 
oil + Beef Calc, 42 7 33.5 39.5 22 
tallow 
Contd.... 
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C . Gas-liquid chromatography of methyl esters 
8 . ' Human fat 
9 . Chicken fat 
1 0 . Rabhit fat 
1 1 . Guinea pig 
1 2 . Ground squirrel 
13. Dog fat 
14. Pis fat 
D . Qzonolysis and reduction 
1 5 . Lard Pd 70 45 
RD 
Pd 68- 31 0 15 63 22 
RD 3 20 44 33 
Fd 68 29 0 18 50 32 
RD 2 19 44 35 
Pd 68 30 1 16 55 28 
ED 3 19 44 34 
Pd 68 29 0 18 51 31 
R D 2 19 44 35 
Pd 68 17 0 5 40 55 
RD 0 7 36 57 
pd 68 36 1 25 54 20 
RD 5 25 44 26 
pd 68 40 4 25 56 15 
RD 6 29 43 22 
7 
9 
36 
33 
43 
41 
14 
17 
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(b) Oxidation and thin-layer chromatography: 
Vander studied the glyceride structure of two animal 
fats by thin-layer chromatography of oxidised products. Oxidation 
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of fats by von-Eudloff technique with subsequent formation of 
esters at the carboxyl group with another group containing only 
a single double bond namely all;yl alcohol. Bach unsaturated 
acyl group in an azelaoglyceride molecule retards its migration 
on silver nitrate impregnated silica gel G plate to a degree 
dependent on the number of double bonds present. The experimental 
values are in Table IV. 
The values for a mixture of fats {50fo cotton seed + 50^ 
beef tallow) differed very much when compared with calculated 
values. Hence the structures of a icnown mixture could not be 
estimated by this technique and therefore these results are not 
discussed further. 
(c) Oxidation and gas-liquid chromatography; 
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Subbaram and Toungs separated triglycerides according 
to the number of double bonds by column chromatography over 
silica impregnated with silver nitrate prior to oxidation. As 
a rule, the unsaturated fractions with more than one double bond 
contain two types of glycerides, namely GS2U+GSU2 and 6SU2+GU3. 
These fractions were oxidised to the azelaoglycerides, which 
after esterification with diazomethane were analysed by gas 
chromatography according to molecular weight. 
34 
The glyceride structures of seven animals fats determined 
by the above procedure are in Table IV. 
Ozonolysis and reduction; 
Another method used for studying the glyceride structure 
of animal fats is ozonization, reduction of the ozonization 
procedure to the corresponding aldehydes and analyses of the latter. 
The method involved ozonolyses of small sample of the 
material in methylene chloride at -TO'^C, followed by reduction 
with Lindlar Catalyst with the formation of aldehydes. By means 
of TLC on silica the triglycerides can now be separated into the 
groups corresponding to GS3, GS2U, GSU2 and G U 5 . The amounts of 
the fractions are determined by charring after spraying with 
50 per cent sulphuric acid and can then be measured with a 
densitometer. 
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Privett and Blank' employed this method for the glyceride 
structure of lard. Results are in Table IV. 
Ozonolysis procedure cannot produce Quantitative scission, 
as component present in lesser proportion may be selectively or 
even predominantly used in the formation of the large proportion 
of resinous products usually observed in the procedure^^. The 
technique does not appear to have been for any other fat. 
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Pancreatic lipase hydrolysis studies of animal depot fats: 
The use of pancreatic lipase to study distribution of 
acids at different position in the triglyceride molecule has 
given a new insight into some aspects of the structure of animal 
fats. Pig pancreatic lipase has been extensively used with 
interesting results and a new approach by Brockerhoff"^^ gives 
even more detailed information. 
Pancreatic lipase h^ydroly'sis,; 
Pig pancreatic lipase catalyses the stepwise hydrolysis 
of triglycerides to glycerol via di and mono glycerides 
1,2-diglyceride 2-monoglyceride Glycerol 
TriglYcerides:g=z±r 2,3-diA'lycerlde ^ + - . -
fatty acid fatty acid fatty acid 
During the period 1950-55 it was demonstrated"^^'*^^ that 
acyl groups attached to the primary hydroxyl groups are hydrolysed 
much more rapidly than those attached to the secondary hydroxyl 
group, the final hydrolysis step is slower than preceding one 
and the 2-monoglyceride produced is isolated chromatographically 
on column or thin-layer and the acids present are determined. 
It was established'^'^"that 2-monoglyceride acids were 
predominantly unsatirrated in case of vegetable fats and 
consequently saturated acids were preferentially present in 
1 (<<-) and positions in the glyceride molecule. 
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As compared to vegetable fats the animal fats have shown 
substantial difference in the composition of fatty acids combined 
at C-2 position with reference to whole fat fatty acids. 
Pig fats^^'"^®'®^ ha,ve so far been more extensively 
studied than other animal fats by isolating the acyl groups 
combined at G-2 position and comparing it with the composition 
of whole fat fatty acids. The results showed that in pig depot 
fats the 0-2 position is occupied to the extent of 44-87 per cent 
with palmitic acid whereas in seed fats they are almost wholly 
combined with oleic or linoleic acid (Table V ) . 
In the ox and sheep body fats, on the other hand the 
acids combined at C-2 position contain considerable amounts of 
unsaturated acids also (Table V ) , 
Vander Wal®^ and Coleman and I'ulton^^ suggested the 
calculation glyceride structure from lipolysis data on the 
assumption that acids attached at C-2 and those attached at 
C-1 and C-3 are all distributed randomly and that fatty acids 
combined at C-1 and C-3 positions are the same. But it has been 
shown that if analysis by pancreatic lipase hydrolysis is 
reasonably accurate then the acids at C-1, C-2 and C-3 position 
cannot be distributed randomly v^ith reference to each other at 
any rate in vegetable fats®^ and the position regarding animal 
fats has not been definitely worked out even in a single case. 
Hence the results by this technique have not been helpful in 
throwing further light on glyceride type structure of animal fats. 
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TABLE V 
COMPONENT ACIDS IN ANItlAL DEPOT FATS AND IN THE 2-M0N0-GLYCE;RIDE 
ISOLATED PHOM THEM 
E.ef. In whole fat In 2-mono-glyceride 
S.No. Pat N o . S a t . acids S a t . acids 
1 . Pig (1958) I 78 22 44 
2 . Pig II 78 36 71 
3 . Pig (1961) I 82 34 70 
4 . Pig II 82 41 71 
5 . Pig III 82 49 77 
6. Pig IV 82 49 77 
7 . Pig IV 82 53 81 
8 . Pig (1963) I 69 40 79 
9 . Pig II 69 52 87 
1 0 . Sheep(1958) 7 8 58 33 
11 . Ox (1958) 78 54 29 
12. Ox (1961 ) 82 68 47 
1 3 . Chicken 82 3 8 22 
1 4 . Pheasant 82 31 12 
1 5 . Pigeon 82 32 14 
16. Rabbit 82 44 39 
1 7 . Dog 7 8 34 29 
1 8 . R a t 78 15 17 
1 9 . Horse 7 8 39 21 
2 0 . Sheep 78 58 33 
21 . Human 78 33 19 
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Stereospecific analysis: 
71 72 
Brockerhoff ' has developed an enzymic procedure to 
determine the composition of acyl groups attached specifically 
at 0-1 , 0-2 and C-5 positions. 
Triglycerides(I) are hydrolysed with pancreatic lipase 
for such a time as will give a good yield of 1,2- and 2,3-
diglycerides (III),0.3-0.4 mole, accompained by triglyceride (V), 
2-monoglyceride (IV, 0.3-0.4 mole) and free acid (II, 0.7-1.0 mole) 
The diglycerides, isolated by chromatography on silica, are 
treated with phenyl dichlorophosphate (Ph0P0Cl2) to convent them 
to L- and D-phosphatidyl phenols respectivel^y (¥1) of these the 
L-isomer is deacylated (at the 2-position) by phospholipase 
A and the products lysophosphatide (YII), unchanged-D-phosphatidyl 
phenol IX and fatty acids (VIII) are separated by TLC of their 
methyl esters and from these it is possible to compute the acids 
present at each position. The results show that in general 
position 1 and 3 are similar in those but not identical (Table V I ) . 
Glyceride structure could not be calculated from these 
results also since the exact relation between acids combined at 
C - 1 , C-2 and C-3 positions has not been established so f a r . 
BRQCKBRHQgg'S STEREO-SPECIPIC ANALYSIS 
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TABLE V I 
COMPONENT ACIDS Iff AJIIt-lAL DEPOT PATS IN DIPPESENT POSITIONS OP 
GLYCEROL 
S . N o . Pat Position Saturated 
acids 
Unsaturated 
acids 
1 . 
Pig fat 
1 
2 
3 
37 
62 
12 
59 
29 
82 
2, Beef 
1 
2 
3 
58 
26 
46 
30 
52 
47 
3 . R a t 
1 
2 
3 
41 
11 
34 
52 
83 
59 
4 , Chicken 
1 
2 
3 
31 
19 
30 
59 
73 
61 
5 . Human 
1 
2 
3 
40 
12 
34 
38 
70 
60 
RgQBM? HYPOTHESES OP FATTY ACTL GROUP 
~DISTR"IBUTIQIT IH ANIMAL DEPOT PATS 
Several hypotheses have been recorded on the made of 
distribution of fatty acids in the triglyceride in animal depot 
fats: 
On the basis <?f results obtained by Hilditch and co-workers 
that the proportion of GS3 in animal depot fats were near about 
those required by RD, it was suggested by Longenecker^^ and by 
JTorris and Mattil^^ that perhaps the animal depot fats may" be 
produced by random esterification of the mixed fatty acids. 
However, in view of the fact that the proportions of GS2TJ, GSU2 
and GU^ present in the animal depot fats as known at that time 
were widely different from those required by R D , the value of 
the suggestion was very much limited. 
Central site fat synthesis theory; 
The presence of appreciable and sometimes large proportions 
of GS3 in land animal depot fats of palmitic-stearic-oleic type 
fatty acids composition have been observed from the beginning 
of the century. The quantities of GS5 in these fats are 
considerably in excels of those required by the 'even* distribu-
tion rule, this forming one characteristic feature distinguishing 
the land animal depoU fats as a class separate from vegetable 
fats of similar fatty acid composition. The depot fats from 
different land animals as well as the fats from the different 
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depots of the same animal are characterised toy other common 
features also. In all, the proportions of palmitic and lower 
satxarated acids remain of the same order throughout the series 
(about 40-55?^ of which about 25-5C^ consists of palmitic acid) 
and differences in saturated acid content (Sm may reach values 
as high as 60 from a minimum of about 35 in these ^fats) are 
almost entirely due to increase in stearic acid accompained by 
decrease in oleic acid. Further as regards the G S ^ contents of 
these fats, when the Sm is low, say about 30-35, the 6S5 does 
not exceed 2-3 per cent; as the Sm increases the G-S^ also 
increases till a value of 25 p e r cent or higher is reached for 
the latter when Sm has risen to 60-65. It was noticed by 
Hilditch ^ that GS3 in these animal fats with Sm 
above 35 were approximately near those required by R D . 
To account for the above features of acid composition and 
glyceride structure of animal depot fats Hilditch'^^ suggested 
the central site fat synthesis theory. In this it is stJggested 
that the primary phase of the glycerides which finally appear 
as reserve fat in the depots is that of a comparatively unsaturated 
mixture produced by the lipolytic esterification according to 
•even' distribution rule of the mixed fatty acids formed initially 
by synthesis from carbohydrates and digestive absorption of 
food fats. These glycerides may contain about 25-30 per cent 
of palmitic acid and about 70-75 per cent of oleic acid (with 
diethenoid acids) and may be synthesised at one site in the 
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animal, namely in the liver and pass thence into the blood 
stream. In those animals which produce reserve fats with" 
important contents of stearic glycerides a partial reduction of 
some of the oleic glycerides (after synthesis of the fats) may 
also be postulated before the fat mixture emerges into the blood 
stream in the intestines. The deposition of related fats 
differing in degree of unsaturation (stearo glycerides content) 
would on this hypothesis, depend upon selective absorbtion of the 
various glycerides in the blood stream by the cells of the 
different adipose tissues. Hilditch^^ suggests that such a 
sequence of processes will be capable of yielding glycerides 
mixtures having the specific structures observed in lard, tallow 
etc. However, it has now been proved by several workers by 
physiological studies involving the determination of the 
Respiratory Quotient's of the adipose tissues^^'^5 that fat is 
being synthesised in the depots themselves and these results 
have been confirmed by Shapiro and Wertheimer^^ usin^ the tracer 
technique. Hence other explanations have to be found for the 
characteristic fatty acid and glyceride composition of the land 
animal depot fats. 
The central site fat synthesis theory gives an explanation 
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regarding the origin of the ruminjint milk fats as w e l l The 
features of fatty acid and glyceride composition which 
/ 
characterise the ruminant milk fats are as follows: 
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The proportions of GS5 in these fats are considerably 
higher than that required according to the 'even' distribution 
rule-. Like th^3 animal depot fats the butter fats also contain 
GS3 in proportions approximately as required by RD and similarly 
also approximately'25-30 p e r cent of palmitic a c i d . The difference 
between the two groups consists in that whereas increase in Sm 
above about 30 in the depot fats is almost exclusively due to 
increase in stearic acid, increase in Sm above about 30 in the 
ruminant milk fats is mainly due to the presence of lower saturated 
acids, from O4 to C14; the stearic abid content of these fats 
is only of the order of 5-10 per cent. Hilditch^^ has suggested 
that these general relationship in the milk fats are explicable 
if it Can be supposed that in both groups the saturated acid other 
than C-] s have resulted from the transformation of performed 
oleoglycerides. To apply this hypothesis to the milk fat 
glycerides, it involves much more than simple biohydrogenation 
of oleoglycerides and requires the conversion of an oleoglyceride, 
for example, into a butyro or capro glyceride and this in turn 
involves a process of combined oxidation reduction and biohydro-
genation in which moreover a free carboxyl group must not be 
concerned at all since it is the glyceride itself which mixst be 
transformed. Thore has not so far been any fiirther direct or 
indirect evidence in favour this hypothesis. The theory of 
Hilditch does not take proper account of several biological factors 
like presence of high concentrations of active lipase in ruminant 
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mammary glands during lactation (loc.cit.)» high Respiratory 
Quotient above unity of the same during lactation etc. 
Lastly, it has now been shown by Polley and Prench^^ 
that fatty acid synthesis from labelled acetate, with accompanying 
increase in Respiratory Quotient is actually proceeding actively 
in the lactating mammary glands of the ruminants and hence the 
other e3q)lanations have to be found for the characteristic fatty 
acid and glyceride composition of the ruminant milk fats. 
Restricted Random Distribution theory^^(RRB)t 
Another fatty acyl group distribution rule regarding 
animal fats'termed "Restricted-Random-Distribution" was arrived 
at a result of results obtained by magnesium salt azelaoglyceride 
analysis of animal depot fats (Table III). The principal feature 
of these results was that proportion of GU3 were very nearly 
equal to RD values in many ajiimal depot fats investigated by 
this method. This contrasted with earlier results(Hilditch and 
co-workers results) which showed the presence of GU3 considerably 
lower than RD values if found to be present at all (Table III). 
Salient features of liRD theory are as follox^s: 
(i) GrS^ Can be present in each kind of animal or vegetable 
fats to the extent only that it can remain fluid 'in vivo'. 
(ii) vivo' the fatty acids are distributed at random 
among the four glyceride types GS5, GS2U, GSU2 and GU5 provided 
the proportions of GS5 thus produced can exist in liquid state. 
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(iii) ¥hen the proportion of GS3 which can exist in a liquid 
state 'in vivo' is less than that which may be produced by and 
the unsaturated acids in a fat are distributed at random among 
the remaining glyceride types without formation of any more G S 5 . 
The relationship between the different glyceride types 
as required by this theory in any fat where GS3 restriction takes 
place is given by the Glyceride Type Distribution Eule(6TDE) which 
is as follows: 
"The glyceride type composition of any natural fat is 
that obtained by interchange according to chance of one third of 
the saturated acids represented by the difference betv/een the 
GS3 content required by chance and that actually present with 
the unsaturated acids in the fat, without allowing the formation 
of any further GS5" . A comparison of the experimental results 
obtained by azelaoglyceride analysis with those required by the 
GTDR is given in (Table V I I ) . The glyceride type structure 
results show a good amount of agreement with the requirement 
of the r u l e . 
1, 3-B.andom, 2-Rgjidom Distribution; 
This name applies to a new distribution pattern suggested 
by Vander Coleman "and Pulton®^ and was partly based on the 
ideas derived from lipolysis results. 
The theoiy assumes that the fatty acids found in the 
monoglycerides produced by pancreatic hydrolysis represent the 
fatty acids occupying the C-2 position of the triglyceride of the 
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TABLE V I I 
COMPAKISOF OP P H A C T I O M L CEYS TALL ISA TIOliF AED AZELAOGLYCJiBIDE 
TECHNIQUE RESULTS AGAINST (GTDPOHULE 
S.No Fat 
R e f . 
N o . Sm GS3 GS2U GSU2 GU' 
1 . Neats foot oil Pd 117 22 0 7 51 42 
GIEDR 0 13 40 47 
2 . Herring oil Pd 47 23 0 4 61 35 
GTDR 0 14 41 45 
5 . Shark liver oil Pd 33 24 0 14 33 43 
GTDR 0 15 42 43 
4 . Shark liver oil Pd 94 26 0 20 37 43 
GTDR 0 18 42 40 
5 . Duck fat Pd 33 31 2 19 48 31 
GTDR 0 21 44 33 
6. Whale oil Pd 37 31 0 9 75 16 
GTDR 0 25 44 31 
7 . Ceylon bear fat Pd 92 34 2 7 82 9 
GTDR 0 25 44 29 
8 . Lard Pd 118 37 2 26 54 18 
GTDR 0 31 44 23 
9 . Pig depot fat I Pd 94 44 4 39 41 16 
GTDR 4 39 41 16 
1 0 . Pig external Pd 119 46 5 32 60 3 
GTDR 0 42 39 14 
11 . Pi^ depot fat II Pd 94 4 8 7 45 33 15 
GTDR 7 43 38 12 
C o n t d . . 
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12. S a c r e d baboon fat m 38 29 0 6 74 20 
GTDR 0 22 34 44 
13. Kangaroo fat Pd 92 51 1 51 4 8 0 
GTDR 0 59 32 8 
1 4 . Ewe external Pd 120 51 5 4 2 53 0 
GTDR 0 52 34 9 
15. Pig perinephric Pd 119 52 9 43 45 3 
GTDR 0 4 8 4 3 10 
1 6 . Bwe perinephric Pd 120 58 14 4 8 3 8 0 
GTDH 0 52 28 6 
1 7 . Beef tallow Pd 118 58 15 46 37 2 
GTDR 15 51 28 6 
1 8 . Heifer(English) Pd 121 61 17 4 9 34 0 
GTDR 16 54 25 5 
1 9 . O x depot(Australian) Pd 33 61 16 55 26 3 
G T D R 16 56 24 4 
2 0 . O x depot(Indian) Pd 33 63 17 58 22 3 
GTDR 17 59 21 3 
21 . Ox depot fat Pd 122 69 28 • 52 20 0 
(Calicut) GTDR 28 53 17 2 
2 2 . Goat depot(Indian) Pd 33 69 22 63 14 1 
GTDR 22 64 13 1 
2 3 . Ox depot(Bombay) Pd 122 75 36 52 12 0 
GTDR 3 6 54 9 1 
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original fat and remaining, acids are distributed equally amongst 
0-1 and C-3 positions and that the fatty acids of C-1, C-2 and C-3 
positions are distributed at random with reference to each other. 
Before applying this for the calculation of glyceride 
structure of any fat it has to be shown that these relationships 
hold betvjeen the acids combined at C-2 and those at G-1 and C-3 
positions, on one hand and the actual gl^yceride of the fats on 
the other at least in a number of illustrated examples. 
However, it appears that this has not been done so far in 
any case®^. Hence the probability of the relationship existing 
in animal depot fats has not been established as yet and the 
Values calculated may not have any dependable relationship with 
actual proportions. 
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General 3iff.nificance of the results by different 
techniques in the l a ^ r jjeriod (from 1930 to date); 
(i) Results by fractional crystallisation; 
(a) Thirtyfour additional fats have been anal;^'-sed by this 
technique in this period. The results do not agree with RD 
values (within + 1 unit ^ for G-S^ and GU3 and + 2 units % for 
and GrSU2) except probably in case of chicken fat^^ whale 
oil^"^ and badger fat®^, all having Sm 30-55. 
(b) Values for all other fats show significant deviations 
from R D . The most characteristic feature of this deviation is 
an increase in GSU2 above ED values. In many cases the GSU2 is 
reported to be as high as 85 per cent as in shark liver oil^*^, 
qp 
82 per cent as in Ceylon bear fat and 74 per cent as in 
Sacred baboon^^ and Turkey depot fats^^. 
(c) In all cases other than 5 fats mentioned above in (a) 
the proportion of GS3 is lower than RD values where it has been 
determined by crystallisation and in some cases it is lower by 
as much as 12 units as in case of Kangaroo fat^^. In case of 
goat tallow^^ the GS3 is above RD values, but in this case it 
has been determined by acetone permanganate oxidation and it 
has been shown already (loc.cit.)' that this technique is liable 
to positive error due to hydrolysis during processing (loc.cit.). 
(d) The proportion of 6U5 is in practically all cases 
considerably lower than RD values and in some cases is lower by 
as much as 20 units as for Ceylon bear fat^^ and shark liver oil^^ 
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17 units io as for whale oil^^ and 16 units io as for Sacred 
baboon^® and Turkey depot fats^^. 
(e) The GS2U is variable and is in many cases loxirer than HD 
values by as much as 16 units ^ as for Ceylon bear fat^^ and 
14 units ^ as for shark liver oil^^ while in some cases 
(2 out of 34 fats) it was exactly equal to R D . In a few cases 
(5 out of 34 fats) it agreed with RD value to within + 2 units ^ 
while 12 out of 34 fats had GS2U appreciably above RD values. 
The increase above RD is as high as 13 units in Kangaroo fat^^. 
There are no general features shared by all or practically all 
the depot fats examined. 
(il)Results by analysis of azelaoglycerides by 
chromatographic techniques; 
Note: Results by thin layer chiomatography of allyl esters is 
not considered reliable on the basis of experimental values for 
a mixture of fats (50?^ cotton seed +• beef tallow) ^ ^ which 
differed very much when compared with calculated values. The 
structure of a Icnown mixture could not be estimated by this 
technique and hence results by this technique are not discussed 
further. 
The general significance of results by partition 
chromatographj'- of the azelaoglycerides and gas liquid chromato-
graphy of azelaoglyceride esters are aS follows: 
(a) No fat with Sm above 44 has as yet been analysed by this 
technique. 
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(b) The results do not agree with RD values (within + 1 \«iit ^ 
for GS3 and GU^ and + 2 units fo for GS2U and GSU2) except in case 
of one chicken fat^S and Guinea pig fat^® of Sm 32 and 17 
respectively. A l l other results show significsnt deviations. 
(c) The most characteristic feature of the deviation is an 
increase in GSU2 above RD values which is almost universal. In 
some cases the GSU2 reported as high as 63 as for human fat^® 
and 56 as for pig fat^®. 
(d) The GS3 is appreciable below ED in most fats (10 out of 13) 
fats examined). 
(e) The GU5 is also lower than RD values in practically all 
cases and in some cases is lower by much as 11 units as in human 
f a t . 
(f) The GS2U is variable but is never higher than RD value in 
any c a s e . In all cases except dog fat^® where it is equal to 
RD values, the GS2U is lower than RD values. In some cases it 
is lower by as much as 5 units as in human fat^®. 
The characteristic general feature of the results by 
chromatography of azelaoglycerides by different techniques is 
thus seen to be practically same as obtained by fractional 
crystallisation and in particular it may be stressed that results 
by this technique also have not sho\«i any general structural 
features shared by all or most of the fats studied. 
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(iii) Results by azelaofilyceride analysis by 
magnesium salt technique 34: 
The results did not agree with RD values (within + 1 unit ^ 
for GS3 and GU3 and + 2 units io for GS2U and GSU2) except in case 
of shark liver oil^^ and chicken fat53 of Sm 24 and 29 respectively. 
A l l other results show significant deviations except in caae of 
G-tJ3 where it agreed with RD in all cases. The deviations in 
this case are however, of an entirely different pattern from those 
shown by results obtained by other methods. 
(a) The most important feature is that GSUg contents are 
never above R D values beyond limits of experimental error. In 
case of pig fats^"^ the abnormal proportions of GSU2 earlier 
recorded by different i n v e s t i g a t o r s ^ ^ ' ^ ^ have been shovna to be 
due to presence of some unusual type of non glyceridic material 
in the insoluble azelaoglyceride and that when these are estimated 
and corrected for,the GSU2 contents do not exceed RD values 
beyond the limits of experimental error. 
(b) Another important feature is that GU3 in practically all 
cases agree with RD values within the limits of experimental error, 
(c) A third very characteristic feature of results by this 
technique is the deviation in G S 2 U . This is variable but is in 
n o case lower than RD values whereas in case of results by 
chromatography of azelaoglycerides the GS2U is never higher than 
RD values and is equal to it only in a single instance. In the 
present case it is either equal to or higher than RD values and 
the excess over R D values is dependent on the difference between 
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(GS^Pd - GS3RD), and increases progressively as the value of 
this function increases (c.f. Table III). 
(d) In all cases where GS3 found agrees with GS3RD, GS2U is 
equal to RD v a l u e s . 
(e) In particular the results show many general feature 
obeyed by all the depot fats especially the feature that GU3 is 
in agreement with RD value's in all cases. 
It is thus obvious that the results by the analysis of 
azelaoglycerides by magnesium salt technique show features which 
are substantially different from those shown by fractional 
crystallisation of fats and chromatography of azelaoglycerides 
by vario-os techniques. 
Sij^nificance and essentiality of present investigations; 
Further detailed analysis of the insoluble azelaoglycerides 
from animal depot fats however, showed that they contain 2-3.5 
per cent non-volatile monobasic acids giving water soluble 
magnesium salts which must have been derived from non-glyceridic 
materials. It is not likely that they are intermediate products 
in the oxidation of usual unsaturated acids since they are obtained 
only in comparatively veiy small quantities when some vegetable 
oils are oxidised; for example groundnut oil which contains 
nearly 80 per cent of unsaturated acids gives only less than 
0,5 per cent of the material as against 3 per cent given by majiy 
animal tallows containing only 30-35 per cent unsaturated acids. 
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In the earlier analyses^^ this has not been corrected for since 
its presence was not known. Further in all these studies the G U ^ 
was obtained by difference and since the relative ratio of non 
fatty oxidation products to non-glyceridic material from which it 
is derived is not known, this renders the procedure of calculation 
of GU^ by difference liable to some error: 
In view of the above a large number of animal depot fats 
were analysed afresh by the most recent procedures in which the 
proportions of G S 5 , G32A, GSA2 and GA^ are individually determined 
from the pure saturated acid and dibasic acid contents of the 
different azelaoglyceride fractions. This procedure automatically 
makes correction for the proportions of all non-glyceridic 
materials present irrespective of whether they have been isolated 
and identified or n o t . 
EXPERIMENTAL 
The procedures used in the present investigations 
are as follox-rs: 
Rendering: 
The abdominal adipose tissues obtained from different 
animals were cut into small pieces and heated in a stainless steel 
vessel until all the moisture was boiled out. The melted fat 
was filtered through cloth to remove dehydrated tissues. 
Refining; 
The fat (15-20 gm) was refined in hexane solution(5-7?^) 
with 50 per cent aqueous alcohol containing 2 . • ^^ 
beginning alkali solution was added till phenolphthalein colour 
developed and 20 m l solution was further added to give good excess. 
Second washing was done with 20 m l of the same solution. The 
hexane solution was then washed free of alkali using 50 per cent 
aqueous alcohol. The aqueous alcoholic layers were re-extracted 
once with hexane. The solvent was removed to constant weight in 
the usual w a y . 
Hehner value; 
The refined fat (2-5 gm) was hydrolysed with alcoholic 
KOH solution ( 1 gm of KOH/gm of fat + 10 m l of alcohol/gm of fat) 
and refluxed for an hour. After this, alcohol was evaporated 
completely (odour), dried soap was dissolved in a little quantity 
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of water, acidified with (1:1)H2S04 and heated to m e l t . This was 
cooled and extracted with diethyl ether (3-4 times). The ether 
solution was washed free of mineral acid by washing with 
distilled water. It was concentrated and dried over anhydrous 
sodium sulphate. The solvent was distilled off and the material 
was weighed to constsnt w e i g h t . 
Oxidation of f a t s ^ ^ * . 
The refined fat (2-3 g m ) was dissolved in hot acetone so 
that the concentration of fat is below 0.5 per c e n t . Acetic 
acid was added at the rate of 5 ml/gm of f a t . The quantity of 
potassixim pennanganate (10 gm/gm of fat) was added in two lots: 
one lot before oxidation was started and second lot was added 
after decolorisation of first. Oxidation was complete when the 
mixture was refluxed with occasional shaking for 5 hour or till 
the permanganate decolorised. 
The acetone was distilled off and last traces were removed 
by heating on water bath for half an h o u r . They very dilute 
sulphuric acid (1:10 vol/vol) (5 ml/gm of potassium p e m a n g a n a t e 
used) was added and shaken for some time till the magnese dioxide 
became uniformly suspended (2-3 minutes) and it was then 
dissolved by the addition of powdered oxalic acid slowly. 
Temperature should be maintain below 35^0 by cooling the flask 
under the tap. After complete decolorising of suspended black 
particles the acidity was checked with methyl orange (add a little 
dilute H2SO4 if necessary). The acidic products were repeatedly 
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extracted with diethyl ether (5-6 times). The ether extract 
Was washed 5-6 times with distilled water (to free it from 
mineral acids). The solvent was then distilled off and residue 
heated on a boiling water b a t h . 
Insoluble azelaofilyceride s e p a r a t i o n ( J A G » : 
The lower acids produced during oxidation were removed 
from the oxidation products by passing a current of air (odour). 
Distilled water (100-150 m l ) was then added and warmed if necessary 
to get the oxidation products melted and dilute ammonia was added, 
a few drops at time, till the phenolphthalein color persisted. 
It was then cooled under the tap to room temperature and 
precipitated with 15 ml of ammonium chloride followed by gradual 
addition of 15 per cent magnesium sulphate solution (35 m l ) . 
The volume was adjusted (100 ml/gm of fat). It was kept at room 
temperature (25-30°C) overnight(16-24 hours) and chilled at 
5-10°C for 2 hours before filteration. 
The precipitate was filtered through filter paper 
(Whatman No.l) and washed till free from mother liquor. It was 
transferred completely to the same flask in which it was 
precipitated, acidified with minimum amount of (1:1)H2S04 and 
heated till a clear oily layer separated. This was then cooled 
under the tap to room temperature and extracted immediately 
with diethyl ether (3-4 times). 
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Bicarbonate separation of lAG into bicarbonate insoluble(BIIAG) 
and bicarbonate soluble fractions CB3IAG-J96 : 
The IAG(l-2 g m ) was dissolved in diethyl ether to give 
3 per cent solution and shaken well four times with freshly-
prepared (neutral to phenolphthalein) saturated solution of 
sodium bicarbonate. The bicarbonate solution was used at the 
rate of 10-12 m l of solution containing 1 gm bicarbonate per gm 
of IAG used each time and each bicarbonate shaking was followed 
by one washing with an equal ajnount of w a t e r . Emulsions formed 
were allowed to break entirely by standing. After the bicarbonate 
washings were over, the ether solutions were washed three times 
more with w a t e r . A l l washings were re-extracted once with ether. 
Removal of solvents to constant weights from the ether soluble 
fraction gives the bicarbonate insoluble portion of IAG(BIIAG). 
The re-extracted washings were collected together in a flask, 
acidified carefully (effervescence) saturated with sodium 
chloride and extracted immediately with ether (5-6 times). The 
ether solutions were concentrated and dried over sodium sulphate. 
The solvent was distilled off and the residue was weighed to 
constant weight to give bicarbonate soluble fractions of the 
IAG(BSIAG). 
The entire procedure was repeated a second time with the 
BIIAG fraction obtained as described above. Usually the amount 
of soluble matter remove was only 1-2 mg per shaking. If this is 
more, then the whole procedure is repeated till the amovint of 
soluble matter removed comes down to 1-2 mg per shaking. 
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Analysis, of BIIAG and BSIAG: 
Both BIIAG as well as BSIAG fractions were hydrolysed 
with excess alcoholic KOH solution! 1 gm of KOH+10 m l of alcohol/gm 
of BIIAG and BSIAG) by refluxing for half an hoijr. After this, • 
alcohol was evaporated completely, dried soap dissolved in small 
measured ajnount of water (10 m l ) acidified with (1:1)H2S04 and 
heated till fatty layer to a clear liquid melted. This was 
cooled imder the tap and extracted exhaustively (5-6 times) with 
diethyl ether. The ether solution was washed with saturated 
sodium chloride (3 m l each time) three times. This was 
concentrated and dried over sodium sulphate. The solvent was 
distilled off and the material was weighed to constant w e i g h t . 
The residue contains all the monobasic acids (MBA) and dibasic 
acids (DBA) present in the azelaoglyceridea. This mixture was 
separated into MBA and DBA as follows: 
Hexane-water separation of MBA and DBA^*^: 
The mixture of MBA and DBA (about 2 g m ) was heated with 
water (100-120 m l ) on the water bath for half an h o u r . This was 
then cooled under the tap, transferred into separating funnel, 
and the flask was washed repeatedly with hot hexane(lOO m l in all). 
The aqueo\:^ solution was separated and the hexane layer was 
washed with distilled water (30 m l each time) four times. A l l 
washings were re-extracted with hexane and collected in a flask . 
A little miaterial remained insoluble in hexane and w a t e r . 
It was sticlQr and suspended in hexane solution. After separating 
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the aqueous layer, the hexane solution was filtered through 
pressed cotton wool and the insoluble material which was retained 
on it and on the sides of the vessel, were dissolved in ethyl 
acetate and weighed to constant w e i g h t . This weight of insoluble 
matter was used to check the percentage recovery of the different 
fractions. 
The solvent was removed from the hexane solutions weighed 
to constant weight (MBA). This was then submitted to Bertram 
acids separation^'^. 
Recovery of DBA^*^; 
The aqueous fraction as well as all the water washings were 
combined and evaporated on the boiling water bath. The dried 
material was dissolved in dry chloroform and its weight determined 
in the usual w a y . Then it was titrated against 0.11 aqueous 
alkali to determine its equivalent weight. This was between 
92-96 in all cases. This represented the weight of the pure 
dibasic acid present in the fraction. 
Bertram acids separation^^: 
The hexane soluble fraction (MBA) was dissolved with 
dilute ammonia and transferred to 250 m l conical flask. This 
was then precipitated with 15 m l of ammonium chloride solution 
(15^) followed by gradual addition of 35 m l magnesium sulphate 
solution(l5%). The precipitate was heated for one hour on the 
boiling water b a t h . This was cooled under the tap, filtered 
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through a filter paper, transferred completely to the sajne flask 
in which it was precipitated and was acidified with (1:1)12804 
and heated till the acid melted to a clear oily layer. This 
was then basified with excess of ammonia solution, and again 
subjected to Bertram acid separation. The precipitate was 
acidified with (l:1)H2S04 and heated on a water bath till all the 
magnesium salts were decomposed and clear oily layer separated. 
This was then cooled under the tap and extracted with hexajhe 
(3-4 times). Hexane extract was washed free of mineral acids 
with distilled water, solvent distilled off and residue weighed 
to constant w e i g h t . 
The mean molecular weight of saturated acids was determined 
by titrating against O.li^ alcoholic KOH solution(pheolphthalein). 
The difference of weights between MBA and BA was due to presence 
of non-volatile acids giving water soluble magnesium salts derived 
from non-glyceridic material and the latter occurred to 2 to 3 
per cent (on fat basis) in BIIAG frac'tions and 0.5 to 1.0 per cent 
the BSIAG fractions. 
Analysis of SAG; 
The filterates^"^ from lAG, were concentrated in a dish on 
the water bath to a volume of 25-40 m l . This concentrated solution 
xiras acidified with (1:1)H2S04, saturated with sodium chloride and 
extracted with ethyl acet3te(5-6 times). The solvent was removed 
and the residue was then hydrolysed to get (MBA+DBA) mixture as 
described earlier. The proportion of BA and DBA in this were deter-
mined by the same procedures as used in case of BIIAG and BSIAG 
fractions. 
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Mode of calculation: 
The G S 3 , GS2A, GSA2 and GA5 are calculated from the 
proportion of saturated and dicarboxylic acids obtained in 
analysis of BIIAG, BSIAG and S A G . The proportions of GS3, 
GS2U, GSU2 and G U ^ corresponding to the above are then calculated. 
The weight percentage of GS3, GS2U, 6SU2 and GU5 are 
converted into molar percentage by dividing with corresponding 
mean molecular weight and making up to 100(equal molar 
Example:- fat - Goat(Delhi). 
Weight of fat for oxidation = 2.3270 gm 
Weight of lAG = 1.8200 gm 
Weight of BIIAG = 1 .2840 gm 
Weight of (MBA + DBA) = 1.2220 gm 
Weight of MBA = 1.0060 gm 
Weight of Hexane Insoluble material = 0.0060 gm 
Weight of Bertram acids(S) = 0.9580 gm 
Weight of DBA = 0.2100 gm 
Weight of BSIAG = 0.5340 gm 
Weight of (MBA + DBA) = 0.4940 gm 
Weight of MBA = 0.2500 gm 
Weight of Hexane Insoluble material = 0.0040 gm 
Weight of DBA from SAG = 0.0950 gm 
S = Bertram acids from BIIAG or BSIAG or SAG 
A = Dibasic acid from BIIAG or BSIAG or SAG 
Mean molecular weight of S = 270, Mean molecular weight of A=188 
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(i) Percentage of S in acids in GS^ = 3S/3S x 100 = 10C^ 
(ii) Percentage of S in acids in GS2A = 2S/2S+A x 100 = 
« 2x270/2x270+188 x 100 = 74.1^» 
(iii)Percentage of S in acids in GSA2 = S/S+2A x 100 = 
= 270/270+2x188 = 41 .7?^ 
(S+A) in GS5 + GS2A (BIIA6), percentage on fat weight = 
= 0.9580+0.2100/2.3270 x 100 = 50.2 
(I) BIIAG 
3fo in (S+A),BIIAG = 0.9580/1 .1680 x 100 = 82.0 
S as GS^,?^ = 82.0-74.1/100 - 74.1 x 50.2 = 15.3 
G S 3 , io = 15.3 X 848/810 = 16.0 
S and A as GS2A, ^ = 50.2 - 15.3 = 34.9 
(II) BSIAG 
(S+A)/o in GS2A + GSA2(BSIAG) 
= 0.2170 + 0.2400/2.3270 X 100 = 19.6 
Sfo in (S+A) (BSIAG)= 0.21700/0.4570 x 100 = 47.5 
S and A as GS2A =: 47.5 - 41 .7/74.1 - 41 .7 x 19.6 = 3.5 
S and A as GSA2 = 19.6 - 3.5 = I6.I 
Total GS2A, io = 34.9 + 3.5 = 38.4 
Total GSAg, io = 1 6 . 1 
(III) SAG 
S in SAG = Nil; GSA2 in SAG = N i l . 
A as GA3, io = 4 . 1 
GS2U = 38.4 X GS2U/S2A = 38.4 X 860/728.=45.3 
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GSU2 = 1 6 . 1 X GSUg/SAa = 16.1 x 872/646 
GU5 = 4.1 X GU3/A3 = 4.1 X 884/564 == 6.4 
GS, GS2U GSU2 6U, 
Percentage toy 
weight 
Calculation of 
mole percentage 
Pound Value 
Sm 
RD value 
17.5 5.1.4 24.0 
16.0/848 45.3/860 21 .6/872 
0.0188 0.0526 0.0247 
7.1 
6.4/884 
0.0072 
0.0188 „ .nn 0.0526„.,qq 0.0247 ^ 0.0072 -..Qn 
18.1 50.9 23.9 
18 51 24 
= 18.1 + 2(50.9/3) + (23.9/3) 
= 59.8 
= 22 43 29 
6.9 
7 
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BEEP I 
Mean molecular weight of S = 270 + 1 
Percentage S in total acids in GS3 - 100 in total acids in 
GS2A - 74.1 and in total acids GSA2 - 41.7. 
These figures are the same for all fats except shark liver oil 
analysed arid hence are not repeated again in subsecjuent analyses 
I II 
1. Pat weight for oxidation 2.2630 2.2960 
2 . lAG, ^ 88.5 88.8 
5 . BIIAG, fo 77.3 77.6 
(a) (8+A)^ in GS3 + GS2A 71.1 71 .8 
(b) S fo in (S+A) 89.0 88.5 
(c) S as GS3, fa 40.9 39.9 
(d) GS2A, fo 30.2 31 .9 
4. . BSIAG, ^ 10.6 11.1 
(a) (S+A) in GS2A + GSA2 9.6 9.9 
(b) S fo in (S+A) 50.2 51.3 
(c) S and A as GS2A, f^ 2.5 2.9 
(d) Total GS2A,fo 32.7 34.8 
(e) GSA2,?S 7.1 7.0 
. A as GA3, ^ 2.6 2.6 
6. . (a) GS3, ^ by weight 45.1 45.3 
(b) 6S2U, f^ 40.6 42.6 
(c) GSU2, fo " 10.0 9.8 
(d) GU5, fo 4.3 4.3 
7 . . Glyceride structure 
(a) Pound, fo mole 
Sm GS5 GS2U GSU2 GU3 
I 75.8 46 40 10 4 
II 75.4 44 42 10 4 
(b) RD,^ mole 
I 44 42 13 1 
II 43 42 13 2 
ivxJL percentages on la^ uasj-s e^tuepo wneu sTiaxea oT.nerwxBe vrxyuerxi 
structure results given in 7a&b are rounded of nearest whole n o s . 
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WILD COW 
1. pat, weight for oxidation 
I 
2.3140 
II 
2.3480 
2. lAG, io 89.4 89.4 
5. BIIAG, io 79.2 79.6 
(a) (S+A)?^ in GS^ + GS2A 72.5 72.7 
(b) S io in (S+A) 88.9 89.1 
(c) S as G S 3 , ^ 41 .4 42.1 
(d) GS2A, io 31 .1 30.6 
4 . BSIAG, io 9.2 9.7 
(a) (S+A)/» in 6S2A + GSA2 8.8 8.3 
(b) S /o in(S+A) 35.7 35.8 
(c) S and A as G32A, io 0 0 
(d) Total GS2A, io 31 .1 30.6 
(e) GSA2, io 8.8 8.3 
5 . A as GA3, 1 .4 1.4 
6. (a) GS3, io by weight 46.0 47.1 
(b)GS2U, io " 39.1 38.6 
(c) GSU2, io " 12.5 11 .8 
(d) GU5, io 2.4 2.5 
7 . Glyceride structure 
(a) Pound, % mole 
Sm GS3 6S2U GSU2 GU3 
I 76.6 47 
II 76.1 48 
39 
38 
12 
12 
2 
2 
(b) R D , i mole 
I 45 
II 44 
41 
42 
12 
12 
2 
2 
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BEEF II 
I II 
1. Pat, weight for oxidation 2.7110 2.8790 
2 . lAG, io 86.4 86.3 
5 . BIIAG, io 73.6 73.4 
(a) (S+A) in GS3 + GS2A 61.3 67.3 
(b) ^ io in (S+A) 88.1 87.3 
(c) S as 6S3, i» 36.3 34.2 
(d) GS2A, io 31 .0 33.1 
4 . BSIAG, 12.7 12.6 
(a) (S+A)?& in GS2A + GSA2 11.1 11 .1 
(b) S io in (S+A) 56.3 56.7 
(c) S and A as GS2A, io 5.0 5.1 
(d) Total GS2A, io 36.0 38.2 
(e) GSA2, fo 6.1 6.0 
5 . A as GA3, io 2.1 2.1 
6 . (a) GS3, i> by weight 41.3 38.8 
(b) GS2U, io " 46.1 48.8 
(c) GSU2, io 8.9 8.7 
(d) GU5, io •> 3.7 3.7 
7 . Glyceride Structure 
(a) Found, io mole 
Sm GS5 GS2U GSU2 G03 
I 75.3 42 4 6 9 3 
II 74.6 39 49 9 3 
(b) R D , io mole 
I 43 42 13 2 
II 42 42 14 2 
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GOAT (1968) 
I II 
1. pat, weight for oxidation 2.7450 1 .6870 
2 . lAG, 1o 85.6 84.9 
BIIAG, ^ 71 .8 72.2 
(a) (S+A) in GS3 + GS2A 67.3 65.9 
(b) S io in (S+A) 86.8 86.9 
(c) S as G S 3 , io 33.0 32.6 
(d) GS2A, 34.3 33.3 
4 . BSIAG, io 13.8 12.7 
(a) {S+A) fo in G32A + GSA2 11.3 11 .0 
(b) S in (S+A) 51 .9 50.5 
(c) S and A as'G32A, fo 3.9 3.0 
(d) Total GS2A, fo 38.2 36.3 
(e) GSA2, io 7.4 8.0 
5 . A as G A 5 , 1 .4 1.4 
6. (a) GS3, fo by weight 37.7 38.2 
(b) GS2U, io " 49.2 47'.4 
(c) GSU2, io " 10.8 11 .9 
(d) GU3, io » 2.3 2.5 
7 . Glyceride Structure 
(a) pound, io mole 
Sm GS5 GS2U GSUg 6U3 
I 74.2 38 49 11 2 
II 74.1 39 47 12 2 
(b) R D , io mole 
I 41 43 14 2 
II 41 43 14 2 
GOAT (1 971 ) 
68 
II 
1. Pat, weight for oxidation 2.0920 2.2720 
2 . lAG, io 86.9 86.7 
3 . BIIAG, io 72.2 72.2 
(a) (S+A)^ in GS3 + GS2A 66.3 66.5 
(b) S ^ in (S+A) 86.6 86.4 
(c) S as GS3, io 32.0 31.6 
(d) 6S2A, io 34.3 34.9 
4.- BSIAG, io 14.5 14.1 
(a) (S+A) io in GS2A + GSA2 12.9 12.4 
(b) S in (S+A)) 51 .3 51.1 
(c) S and A as GS2A, io 3.8 3.5 
(d) Total GS2A, io 38.1 38.4 
(e) GSA2, io 9.1 8.9 
5 . A as GA5, io 2.0 2.0 
6. (a) GS3, io by weight 35.8 35.4 
(b) GS2U, io " 48.0 48.5 
(c) GSU2, io " 12.9 12.7 
(d) GU3, io " 3.3 3.3 
7 . Glyceride Structure 
(a) Found, io mole 
Sm GS3 GS2U GBU2 GU3 
I 72.1 36 48 13 3 
II 72.1 36 48 13 3 
(b) R D , io mole 
-s 
I 38 43 17 2 
II 38 43 17 2 
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_SHBEP (1971) 
I II 
1 . Pat, weight for oxidation 2.5820 2.7020 
2 . lAG, % 85.9 85.9 
3 . BIIAG, 70.7 71 .3 
(a) (S+A) io in GS5 + GS2A 64.2 64.4 
(b) ^ in (S+A) 86.5 86.3 
(c) S as GS3, 30.7 30.3 
(d) GS2A, io 33.5 32.7 
4 . BSIAG, io 15.1 14.6 
(a) (S+A) io in GS2A + GSA2 ^^.O 12.8 
(b) S io in (S+A) 48.5 49.4 
(c) S and A as GS2A, ^ 3.I 3.O 
(d) Total GS2A, io 36.6 35.7 
(e) GSA2, i" 9.9 9.8 
5 . A as GA3, io 2.0 2.0 
6 . (a) GS3, io by weight 35.4 35.6 
(b) GS2U, io " 47.6 47.3 
(c) GSU2, io " 14.6 14.7 
(d) GU3, io " 2.4 2.4 
7 . Glyceride Structure 
(a) Pound, io mole 
(b) RD, io mole 
Sm GS3 GSgU GSU2 GU3 
I 71 .3 36 47 14 5 
II 71 .2 36 47 14 3 
1 
I 36 44 18 2 
II 36 44 18 2 
70 
B U P M L Q (1968) 
1 . Pat, weight for oxidation 
I 
1.9240 
II 
1.9020 
2 . lAG, io 86.3 86.3 
3 . BIIAG, i» 71 .4 71 .0 
(a) (S+A) i" in GS3 + GS2A 66.6 66.1 
(b) B fo In (S+A) 85.6 85.5 
(c) S as GS3, io 29.5 29.1 
(d) GS2A, io 37.1 37.0 
4 . BSIA6, io 14.8 15.2 
(a) (S+A) io in GS2A + GSA2 12.9 15.5 
(b) S fo in (S+A) 49.4 48.8 
(c) S and A as GS2A, fo 3.1 3.0 
(d) Total GS2A, fo 40.2 40.0 
(e) GSA2, fo 9.8 10.5 
5 . A as GA5, fo 2.0 2.0 
6 . (a) GS5, fo by weight 32-7 32.2 
(b) GS2U, fo " 50.2 49.8 
(c) GSU2, fo 13.9 14.8 
(d) GU3, fo " 3.2 3.2 
7 . Glyceride Structure 
(a) Poimd, ^ mole 
Sm GS3 GS2U GSU2 GU3 
I 70.7 33 50 14 3 
II 70.4 33 50 14 3 
(b) RD, io mole 
I 
II 
35 
35 
44 
44 
18 
18 
3 
3 
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SHEEP (1968) 
I II 
1 . Fat, weight for oxidation 2.6900 2.2240 
2 . lAG, io 85.2 84.5 
3 . BIIAG, io 68.9 68.5 
(a) (S+A) io in GS^ + GS2A 62.7 62.4 
(b) S io in (S+A) 85.4 86.4 
(c) S as 6S3, io 27.3 29.6 
(d) GS2A, io 35.4 32.8 
4 . BSIAG, io 16.3 16.0 
(a) (S+A) io in G32A + GSA2 14.4 14.6 
(b) ^ io in (S+A) 47.7 47.9 
(c) S and A as GS2A, io 5.2 5.5 
(d) Total 6S2A, io 40.6 38.3 
(e) GSA2, io 9.2 9.1 
5 . A as GA3, io 3.0 3.0 
6 . (a) GS3, io by weight 30.5 33.2 
(b) GS2U, io " 51 .2 48.6 
(c) G3U2, io " 13.2 13.1 
(d) GU3, io 5.1 5.1 
7 . Glyceride Structure 
(a) Pound, fo mole 
(b) RD, io mole 
Sm GS3 GS2U GSU2 GU3 
I 69.3 31 51 13 5 
II 70.1 34 48 13 5 
I 33 44 20 3 
II 34 44 19 3 
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BUFFALO (1971) 
I II 
5 . 
6. 
Pat weight for oxidation 2.7600 3.0144 
lAG, io 80.9 80.9 
BIIAG, io 59.6 60.0 
(a) (S+A) io in GS3 + GSgA 54.5 55.0 
(b) S io in (S+A) 83.0 83.9 
(c) S as GS3, io 18.7 20.8 
(d) GS2A, io 35.8 34.2 
BSIAG, io 21 .2 20.7 
(a) (S+A)?^in GS2A + GSA2 18.9 18.4 
(b) S in (StA) 47.0 47.1 
(c) S and A as GS2A, io 3.1 3.6 
(d) Total GS2A, io 38.9 37.8 
(e) 6SA2, io 15.8 14.8 
A as GA^, io 3.5 3.5 
(a) GS3, io by weight 21.3 23.7 
(b) GS2U, " 49.8 48.7 
(c) GSU2, io " 23.0 21 .7 
(d) GU3, io •• 5.9 5.9 
Glyceride Structure 
(a) Found, io mole 
Sm GS3 GS2U GSU2 GU. 
I 62.4 
II 61.6 
22 
23 
50 
49 
22 6 
22 6 
(b) R D , io mole 
I 
II 
24 
23 
44 
44 
27 5 
27 6 
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GOAT(DELHI) 
1 . Fat, weight for oxidation 2.5270 2.4600 
2 . lAG, fo 78.2 77.8 
5 . BIIAG, io 55.2 54.7 
(a) in 6S5 + GS2A 50.7 50.1 
(b) S in (S+A) 81 .7 82.1 
(c) S as GS3, io 14.9 15.4 
(d) GS2A, io 55.1 54.0 
4 . BSIAG, io 25.0 25.1 
(a) (S+A) in 6S2A + GSA2 19.8 20.5 
(b) S in (S+A) 47.9 48.4 
(c) S and A as GS2A, % 5.8 4.2 
(d) Total GS2A, io 58.9 58.2 
(e) GSA2, io 16.0 16.5 
5 . A as GA5, fo 4.1 5.9 
6 . (a) GS3, fo by weight 17.5 18.1 
(b) GS2U, io " 51 .4 50.6 
(c) GSU2, ^ " 24.0 24.4 
(d) GU,. io 7.1 6.9 
7 . Glyceride Structure 
Sm GS3 GS2U GSU2 GU3 
I 59.8 18 51 24 7 
II 59.8 18 51 24 7 
(b) RD, io mole 
I 
II 
35 
35 45 
45 
29 
29 
6 
6 
7 
LARD 
I ' II 
1 . Fat, weight for oxidation 2.5210 2.5530 
2 . TAG, io 63 A 65.2 
3 . BIIAG, 46.0 45.9 
(a) (S+A) in GS3 + GS2A 40.3 40.5 
(b) S io in (S+A) 79.6 79.9 
(c) S as GS5, io 8.6 9.1 
(d) GSgA, 31 .8 31.4 
4 . BSIAG, io 16.9 16.5 
(a) (S+A) in GS2A + GSA2 20.8 20.8 
(b) S in (S+A) 49.8 49.2 
(c) S and A as GS2A, 5.2 4.7 
(d) Total GS2A, io 37.0 36.1 
5 . (a) (S+A)f» in SAG 8.9 8.1 
(b) Wo in (S+A) 1.6 1.9 
* (c) A as GSA2, ^ 2.5 2.4 
(d) Total GSA2, 18.1 18.7 
(e) A as GA3 6.7 6.1 
6 . (a) GS3, ia by weight 10.3 10.9 
(b) GS2U, % " 49.8 48.9 
(c) GSU2, i" 27.9 29.1 
(d) GU3, io 12.0 11.1 
7 . Glyceride Structure 
(a) Found, io mole 0 
Sm GS5 GSU2 
I 53,4 10 51 28 
II 54.0 11 50 28 
(b) E B , io mole 
I 15 40 35 
II 16 40 34 
GU^ 
11 
11 
10 
10 
PIGEOI 
75 
1 . Fat, weight of oxidation 
2 . lAG, 
3 . BIIAG, io 
(a) (S+A)?S in &S3 + GS2A 
(b) Wo in (S+A) 
(c) S as GS3, % 
(d) GSgA, io 
4 . BSIAG, i> 
(a) (S+A>/o in GS2A + GSA2 
(b) in (S+A) 
(c) S and A as GSgA, io 
(d) Total GSgA, io 
(e) 6SA2, io 
5 . A ae GA^,?^ 
6 . (a) GS3, io by weight 
(b) GS2U, io " 
(o) GSU2, io " 
(d) 
I .4968 
59.3 
35.7 
33.1 
76.1 
2.7 
30.4 ^ 
13.6 
21.2 
47.1 
3.5 
33.9 
17.7 
II .1 
3.3 
49.4 
29.2 
18.1 
7 . Glyceride Structure 
(a) Found, io mole 
(b) RD, io mole 
Sm 
45.8 
GS3 
3 
10 
6S2U GSU2 GU3 
50 29 18 
33 41 16 
NOTE: Due to scarcity of fat the duplicate analysis was not done 
RABBIT 
76 
1. Pat, weight for oxidation 
I 
2.5090 
II 
2.5516 
2 . lAG, io 63.0 62.5 
3 . BIIAG, io 41 .7 40.1 
(a) (S+A), io in GS3 + GS2A 39.7 • 38.1 
(b) S in (S+A) 77.4 78.4 
(c) S as GS5, io 6.3 6.3 
(d) GS2A, io 33.2 31 .6 
4 . BSIAG, io 22.2 22.6 
(a) (S+A) io in GS2A + GSA2 21 .7 22.1 
(b) S io In (S+A) 40.5 42.9 
(c) S and A as GS2A, f 9 0.7 2.4 
(d) Total GS2A, io 33.9 34.0 
(a) S and A as 6SA2, F a 6.6 7.7 
(b) Total GSAp,^ 27.7 26.3 
(c) A as QA-^ffo 10.4 10.4 
6 . (a) GS3, io by weight 6.7 6.8 
(b) GS2U, io " 39.3 39.8 
(c) GSU2» f" " 36.5 35.0 
(d) GU3, io 17.5 18.2 
7 . Glyceride Structure 
(a) Pound, io mole 4 
Sm GS3 GS2U GSU2 GU3 
I 46.3 7 42 34 17 
II 45.3 7 40 35 18 
(b) RD, io mole 
I 10 34 40 16 
II 9 34 41 16 
NOTE: The fat undergoes deterioration readily. 
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PEACOCK 
II 
1. Pat, weight for oxidation 2.8200 2.5730 
2 . lAG, io 60.2 61 .3 
5 . BIIAG, 50.6 31 .4 
(a) (S+A) /a in. GS3 + GS2A 27.9 28.6 
(b) ^io in (S+A) 76.6 77.1 
(c) S as 2»7 3.3 
(d) GS2A, io 25.1 25.2 
4 . BSIAG, io 29.7 29.8 
(a) (S+A) io in GS2A + GSA2 26.3 26.6 
(b) 3 io in (S+A) 47.5 46.4 
(c) S and A as GS2A, io 4.5 3.9 
(d) Total GS2A, ^ 29.6 29.1 
(e) GSA2, ^ 21 .8 22.7 
5 . A as GA^, io 9.2 9.2 
6 . (a) GS3, io by weight 3.4 4.1 
(b) GS2U, io " 43.0 40.7 
(c) GSU2, % " 36.0 36.1 
(d) GU3, io 17.6 17.1 
7 . Grlyceride Structure 
(a) Pound» io mole 
(b) RD, i> mole 
Sm GS3 GS2U GSU2 GU5 
I 44.6 4 43 36 17 
II 44.3 4 42 37 17 
I 9 33 41 17 
II 9 33 41 17 
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CHICKSDT 
1 . Pat, weight for oxidation 
I 
2.5180 
II 
(2.4950+2, 
5.1670 
III 
.6720) 
2 . lAG, io 37.4 37.6 
3 . BIIAG, io 21 .7 19.9 
(a) (S+A) io in GS3 + GS2A 17.6 17.8 
(b) S io in (S+A) 75.8 78.7 
(c) S as GS3, fo 1.1 3.1 
(d) GS2A, io 16.4 14.7 
4 . BSIAG, io 16.0 17.7 
(a) (S+A), io in GS2A + GSA2 16.5 16.5 
(b) 3 io In (S+A) 49.2 53.4 
(c) S and A as GS2A, % 3.8 5.9 
id) Total GS2A, io 20.2 20.6 
(e) GSA2, io 25.3 21.9 
5 . A as GA5, fo 13.3 13.3 
6 . (a) 6S3, ^ by weight 1.5 4.1 
(b) GS2U, io " 29.9 31.3 
(c) GSU2, io " 42.6 37.8 
(d) 6U3, fo " 26.0 26.8 
7• Glyceride Structure 
(a) Pound, ^ mole 
8m GS5 GS2U GSU2 GU3 
I 35.5 
II 37.2 
1 
4 
30 
31 
43 
38 
26 
27 
(b) R D , ^ mole 
I 
II 
4 
5 
24 
26 
45 
45 
27 
24 
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SHARE: LIVER OIL 
Mean molecular weight of S = 284 
Percentage S in total acids in GS3 - 100, GS2A-75.I, GSA2-43.0 
I II 
1. Pat, weight for oxidation 2.7570 2.6760 
2- IAG, i" .33.6 j- 33.6 . 
3 . BIIAG, io 13.5 
(a) (S+A), io in GS3 + GS2A 12.3 
(b) S io in (S+A) 77.6 
(c) S as GS3 1.2 
(d) GS2A, 11 .1 
4 . BSIAG, io 20.1 
(a) (S+A)<?^ o in GS2A + GSA2 18.1 
(b) S io in (S+A) 48.9 
(c) S and A as GS2A, % 3.3 
(d) Total GS2A, io 14.4 
5. (a) (S+A) io in SAG 15.6 
lb) S in (S+A) 17.0 
(c) Total GSA2, i" 26.0 
(d) A as'GA3, io 18.4 
6 . (a) GS3, io by weight 1.5 
(b) GS2U, io 20.6 
(c) GSU2, io " 42.6 
(d) GU3, io " 35.3 
7 . Glyceride Structure 
(a) Foiind, io mole 
Sm GS3 GS2U GSU2 GU3 
I 29.4 1 21 43 35 
(b) RD, io mole 
18 44 35 
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TABLE VIII 
GLYCBRIDB STRUCTURE OP A N I M l DEPOT PATS BT 
PRESENT PROCEDURE 
S.No Pat 
R e f . 
N o . Sm G S ^ GS2U 6SU2 GU; 
1 . Wild cow Pd 76.3 47 39 12 2 
RD 45 41 12 2 
Pd - R D +2 -2 0 0 
2 . Beef I Pd 75.6 45 41 10 4 
RD 43 42 13 2 
Pd - RD +2 -1 -3 +2 
3 . Beef II Pd 74.9 41 47 9 3 
RD 43 42 13 2 
Pd - RD -2 +5 -4 +1 
4 . Goat(l968) Pd 74.2 39 47 12 2 
R D 41 43 14 2 
Pd - R D -2 +4 -2 0 
5 . Goat (1971 ) Pd 72.2 36 48 13 3 
RD 38 43 17 2 
Pd - RD -2 +5 - 4 +1 
6. Sheep(l971 ) Pd 71.3 36 47 14 3 
ED 36 44 18 2 
Pd - R D 0 +3 -4 +1 
7 . Buffalo (1968) Pd 70.5 33 50 14 3 
RD 35 •44 18 3 
Pd - R D -2 + 6 -4 0 
8 . Sheep(l968) Pd 69.7 33 49 5 
R D 34 44 19 3 
Pd - R D -1 +5 -6 +2 
9 . Buffalo (1971) Pd 62.0 23 49 22 6 
RD 24 44 26 6 
Pd - RD -1 +5 - 4 0 
Contd.... 
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10. Goat(Delhi) Fd 60,0 18 51 24 7 
ED 22 43 29 6 
Fd - RD -4 + 8 -5 +1 
1 1 . Lard Fd 52.9 11 50 28 11 
RD 15 40 35 10 
Fd - R D -4 +10 -7 +1 
1 2 . Pigeon Fd 45.8 3 50 29 18 
RD 9 33 41 17 
Fd - R D - 6 +17 -11 +1 
1 3 . Rabbit(wild) Fd 45.8 7 41 35 17 
RD 9 33 41 17 
Fd - R D -2 + 8 -6 0 
1 4 . Peacock Fd 44.5 4 42 37 17 
RD 9 33 41 17 
Fd - R D -5 + 9 -4 0 
15. Chicken Fd 36.2 3 30 40 27 
R D 5 25 44 26 
Fd - RD -2 +5 -4 +1 
1 6 . Shark liver Fd 29.4 1 21 43 35 
RD 3 18 44 35 
Fd - R D -2 +3 -1 0 
RESULTS AND DISCUSSION 
Sixteen fats having Sm 29-77 have been analysed in the 
present studies. The results (Table VIII) show the following 
general patterns obeyed bjr practically all the 16 fats. 
(i) The GU5 contents required by RD varied from 2-36. In all 
cases it is observed that GU5 contents found are equal to RD 
values within limits of experimental error. 
(ii) The G-SU2 contents are never above RD values. In all cases 
it is either equal to or below the latter. The GSUg was equal to 
RD values in fats with Sm above 75 and also in shark liver oil 
and was lower than RD values in all other fats except shark liver 
oil. It agreed with RD values within limits of experimental error 
in fats with Sm above 61. In other cases it is significantly 
below RD values and the decrease below RD values is dependent 
on the value of function (GS5RD-GS3Pd) and increases progressively 
as the value of this function increases. The maximum deviation 
approximately of 11 units is observed in case of pigeon fat 
where GS3 found is lower than GS3RD by about 7 units per cent. 
Ciii) The GS2U contents are also very characteristic. They are 
never below RD values within limits of experimental error and 
are always equal to or higher than latter. In cases where GS3 
found agreed with GS3RD, GS2U found also agreed with GS2URD. 
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In cases where GS2U found is higher than GS2U H D , the magnitude 
of the excess over RD values is dependent on the value of the 
function (GS3ED - GS^Fd) end increases progressively as the values 
of this function increases. The maximum deviation in GS2U over 
RD values was found 16 units in cases of pigeon fat of Sm 46 where 
the value of the function (GS3RD - GS3Pd) is equal to 7 units. 
In case of goat depot fat of Sm 60, pig fat of Sm 54 the latter 
function had value of 4 units and the GS2U deviation (GS2U Pd 
GS2U RD) was 8-10 units respectively. 
(iv) The total glyceride structures of the fats appear to be 
dependent in some unexplained way on the GS3 contents. 
In the literature no animal depot fat has been reported 
with Sm above 75 and only one fat recorded in the Sm range 70-75* 
In the present studies two fats with Sm above 75 have been 
analysed and both show good agreements with R L . Six fats' in the 
Sm range 70-75 have been studied and all showed agreement with 
RD within limits of experimental error. In case of fats wherein 
GS5 -found is more or less or the same as GS3RD, all other 
glyceride types are also in agreement with R D . 
All these fats were obtained in the laboratory by dry 
rendering of abdominal adipose tissues from animals on entirely 
grass or other leaf diets and hence were mostly synthesized by 
the animals from non fat food materials. The normal process of 
fat synthesis in higher animals hence consists in entirely non-
selective esterification of the mixed fatty acids to triglycerides. 
8.4 
A buffalo depot fat with Sm 62 also showed GS3 found in 
good agreement with GS3RD and good agreement of proportions of 
all other glyceride types also with RD values. However, a goat 
depot fat with Sm 60 showed considerable value for the function 
(GS3KD - GS^Pd) and in agreement vdth the principle'already 
discussed, showed consid.erable differences in the proportions of 
all other glyceride types found excepting GU^ from those required 
according to R D . Practically all the fats with Sm below 60 
(except chicken fat, shark liver oil and perhaps wild rabbit fat) 
showed GS3 found .significantly lower than 6S3RD and the stinictures 
of all these fats showed deviations from figures required 
according to RD except in the case of G U 3 . In general, the 
value of the function (GS3RD - GS3Pd) is equal to the function 
(GSU2^^ GSU2Fd) and the overall deviation is always governed 
approximately by the rule. 
GS2U Pd - GS2U HD = (GS3RD - GS3Pd) + (GSU2RD - GSU2Pd) 
In other words the deviations from RD values wherever 
observed is of a single definite type where decrease in GS3 foimd 
as compared to GS3RD is accompanied by the equal decrease in 
GSU2 found as compared to GSU2RD and is numerically half of 
that of increase in GS2U found over GS2U R D . This pattern of 
deviation is approximately the same as that described earlier 
in connection with the RRD^'' . In "the present case however, the 
function (GS3RD - GS3Pd) has got relatively small values only 
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and this is probably the reason behind the GU^ values being 
practically unchanged. The alteration in GU3 required by RRD rule 
for the observed value (GS^IiD - GS^Fd) are all within limits of 
experimental error. All the depot fats with Sm below 60 show 
practically the same type of deviation though in case of chicken 
fat, wild rabbit fat and shark liver oil, the deviations are so 
small as to be within limits of experimental error. 
(v) The GS3 restriction observed in the animal fats is 
obviously not caused by any maximum limit in the proportions of 
GS5 permissible^^ but automatically comes in as the unsaturated 
acid content increases. The increase in unsaturated acid content 
is brought about almost entirely by deposition of foreign 
vegetable fats ingested with the food in the fat depots. A t 
present we have no idea as'to how this is brought about and only 
know that restriction in G S ^ content as compared to ED values 
is accompanied by well defined changes in the proportions of 
GS2U and GSU2 and almost exactly as required by RRD r u l e . 
The results of the present studies thus show that fats 
from the same animal tissues may have type structure pattenas 
of either type, namely Random Distribution or Restricted Random 
Distribution, but perhaps no other. 
ABSTRACT 
The g3^ceride structures of 16 animal depot fats were 
determined by revised azelaoglyceride techniques wherein the 
proportions of G S 3 , GSgA, GSAg and GA5 were calculated from the 
proportion of pure saturated and dicarboxylic acids present 
in the different azelaogiyceride fractions obtained as described 
in the experimental section. This procedure automatically makes 
correction for the presence of all non-glyceridic materials 
whether isolated and identified or n o t . 
Eight specimens of fats had Sm above 70, and were derived 
from ruminants raised entirely on grass or other leaf diet and 
xfere obtained by lab-dry rendering of abdominal adipose tissue 
(Table VIII). A l l these fats showed good agreement with H D 
showing that when the fats are synthesized from non fatty foods 
the animals make use of an entirely non-selective esterification 
mechanism to convert the fatty acids to triglycerides. A good 
approximation to RD was also observed in chicken fat of Sm 36, 
wild rabbit fat of Sm 46 and also in shark liver oil with Sm 29, 
and hence it follows that perhaps all higher animals are capable 
of synthesizing RD fats when raised on low fat d i e t s . 
As compared to the above, fats from many animals on unknown 
diets (goat, pig, pigeon, peacok) showed substantial deviations 
from R D . The deviations in all cases have the same pattern and 
consisted in equal decrease in GS3 and GSU2 below RD values 
accompanied by an increase in GS2U above RD values by an amount 
numerically equal to the total decrease in 6S5 and GSU2 taken 
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An extraordinary feature of the present study is that 
though the Sm varied from 29 to 77 and the GU3RD varied from 
2 to 36 "the GU3 contents of all fats were in agreement with the 
values required by R D . 
In case of goat, two fats from animals on entirely leaf 
diet had Sm above 70 and showed agreement with RD whereas the 
third of unknown dietary history h©d Sm only 60 and showed 
considerable GS3 restriction and accompanying deviations from — 
R D . It is obvious from this that the same fat cells in case of 
higher animals can produce fats of two distinct glyceride patterns: 
(i) Simple Random Distribution (ii) GS5 restricted pattern, 
showing decrease in GS3 and GSU2 below RD values accompanied by 
increase in G-S2U above RD values. The lowering of saturated acid 
contents of animal depot fats below the normal values characteristic 
of animals on low fat diet can be due only to deposition of 
highly unsaturated fats ingested with the food and in case of 
animals in India will be due entirely to deposition of unsaturated 
vegetable fats. Since GS5 restriction is observed in the lower 
Sm fats from the same animal and not in the higher Sm fats, 
it follows that when significant amounts of vegetable fats are 
deposited in the fat cells of higher animals, an alteration in 
the glyceride structure characterised by GS3 restriction and 
changes in the proportions of the other glyceride types takes place. 
At present we do not Icnow any thing about the mechanism 
by which this is effected. However, the changes in glyceride 
structure as compared to RD values are more or less the same as 
required by Restricted Random Distribution r u l e . 
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